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(57) Abstract 

Squaric acid Derivatives of formula (1) are described: wherein R1<£, is an integrin binding group; R2<j, is a hydrogen atom or a 
C<i,1-6 alkyl group; L1<j, is a covalent bond or a linker atom or group; n is zero or the integer 1; Alkl£ is an optionally 
substituted aliphatic chain; R3^ is a hydrogen atom or an optionally substituted heteroaliphatic, cycloaliphatic, 
heterocycloaliphatic, polycycloaliphatic, polyheterocycloaliphatic, aromatic or hetero aromatic group: and the salts, solvates, 
hydrates and N-oxides thereof. The compounds are able to inhibit the binding of integrins to their ligands and are of use in the 
prophylaxis and treatment of immune or inflammatory disorders, or disorders involving the inappropriate growth or migration of cells. 

(57) Abrege 

(.'invention concerne des derives de I'acide squarique de formule (I) dans laquelle R1^ represente un groupe de liaison 
d'integrine; R2i represente un atome d'hydrogene ou un groupe alkyle C^I-6; L1<j, represente une liaison covalente ou un atome ou 
groupe de liaison; n represente zero ou rentier 1; Alk1<j, est une chaine aliphatique facultativement substitute; R3^ represente 
un atome d'hydrogene ou un groupe heteroaliphatique, cycloaliphatique, heterocycloaliphatique, polycycloaliphatique, 
polyheterocycloaliphatique, aromatique ou heteroaromatique facultativement substitue: et leurs sels, solvants, hydrates et N- 
oxydes. Les composes peuvent empecher la liaison des integrines a leurs ligands et sont utilises dans la prophylaxie et le 
traitement des troubles inflammatoires ou immunitaires ou encore des troubles provoquant la croissance ou la migration inadaptees 
de cellules. 
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(57) Abstract: Squaric acid Derivatives of formula 
(1) are described: wherein R 1 is an integrin 
binding group; R 2 is a hydrogen atom or a Ci^ 
alkyl group; L 1 is a covalent bond or a linker 
( 1 ) atom or group; n is zero or the integer 1; Alk' 

is an optionally substituted aliphatic chain; R 3 
is a hydrogen atom or an optionally substituted 
heteroaliphatic, cycloaliphatic, heterocycloaliphatic, 
polycycloalipnatic, polyheterocycloaliphatic, 
aromatic or hetcro aromatic group: and the salts, 
solvates, hydrates and N -oxides thereof. The 
compounds are able to inhibit the binding of integrins to their ligands and are of use in the prophylaxis and treatment of immune or 
inflammatory disorders, or disorders involving the inappropriate growth or migration of cells. 
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SQUARIC ACID DERIVATIVES AS CELL ADHESION MOLECULES 

This invention relates to a series of squaric acid derivatives, to 
compositions containing them, to processes for their preparation, and to 
5 their use in medicine. 

Over the last few years it has become increasingly clear that the physical 
interaction of inflammatory leukocytes with each other and other cells of 
the body plays an important role in regulating immune and inflammatory 
10 responses [Springer, T A. Nature, 425, (1990); Springer, T. A. Cell 
26, 301 , (1994)]. Many of these interactions are mediated by specific cell 
surface molecules collectively referred to as cell adhesion molecules. 



The adhesion molecules have been sub-divided into different groups on 
15 the basis of their structure. One family of adhesion molecules which is 

25 believed to play a particularly important role in regulating immune and 

inflammatory responses is the integrin family. This family of cell surface 
glycoproteins has a typical non-covalently linked heterodimer structure. At 
least 14 different integrin alpha chains and 8 different integrin beta chains 

30 20 have been identified [Sonnenberg, A Current Topics in Microbiology and 

Immunology, 184 . 7, (1993)]. The members of the family are typically 
named according to their heterodimer composition although trivial 
nomenclature is widespread in this field. Thus the integrin termed a4pi 

35 consists of the integrin alpha 4 chain associated with the integrin beta 1 

25 chain, but is also widely referred to as Very Late Antigen 4 or VLA4. 

Some integrin chains are capable of pairing with more than one partner. 
40 For example, the a v chain has been reported to pair with the beta 1 chain, 

the beta 3 chain, the beta 5 chain, the beta 6 chain and the beta 8 chain to 
30 give molecules which bind to different sets of ligands and which are 
referred to respectively as the integrins ot v pi, ct v P3. <*vP5. <*vp6. and a v Ps- 
45 Not all of the potential pairings of integrin alpha and beta chains have yet 

been observed in nature and the integrin family has been subdivided into a 
number of subgroups based on the pairings that have been recognised 
35 [Sonnenberg, A. ibid] . 

50 
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The importance of integrin function in normal physiological responses is 
highlighted by two human deficiency diseases in which integrin function is 
10 defective. Thus in the disease termed Leukocyte Adhesion Deficiency 

(LAD) there is a defect in one of the families of integrins expressed [on 
5 leukocytes. Patients suffereing from this disease have a reduced ability to 
recruit leukocytes to inflammatory sites and suffer recurrent infections 
which in extreme cases may be fatal. In the case of patients suffering from 
the disease termed Glanzman's thrombasthenia (a defect in a member of 
the beta 3 integer famly) there is a defect in blood clotting. 

10 

The potential to modify integrin function in such a way as to beneficially 
modulate cell adhesion has been extensively investigated in animal 
models using specific monoclonal antibodies and peptides that block 
various functions of these molecules [e.g. Issekutz, T. B. J. Immunol. 
15 3394, (1992); Li, Z. £La/ Am. J. Physiol. 2SS, L723, (1992); Mitjans et al 

25 J. Cell Sci. Iflfi, 2825 (1995), Brooks P.C. et al J.Clin. Invest. 2§, 1815 

(1995), Binns, R. M. sLal J- Immunol. 157, 4094, (1996), Hammes, H-P, et 
al Nature Medicine 2, 529 (1996), Srivata, S. et al Cardiovascular Res. 2S, 
408 (1997)]. A number of monoclonal antibodies which block integrin 

30 20 function are currently being investigated for their therapeutic potential in 

human disease. 



Inhibition of integrin-mediated cell interaction can be expected to be 
35 beneficial in a number of disease states, and in addition to the monoclonal 

25 antibodies and peptides just mentioned there has been great interest in 
selective low molecular weight inhibitors of integrin function. Thus, for 
example selective ct4 integrin inhibitors have been described in 
40 International patent Specifications Nos. W096/22966, WO97/03094, WO 

98/04247, W098/04913, W098/53814, W098/53817, W098/53818, 
30 WO98/54207, WO98/58902, WO99/06390, WO99/06431 -06437, 
WO99/10312, WO99/10313, WO99/67230, WO 99/26922. WO99/60015, 
45 W099/26921, W09936393, W099/52898 and W099/64395. Numerous 

selective a v integrin inhibitors have also been described, for example in 
International Patent Specifications Nos. WO97/08145, WO97/23480, 
35 W097/36858, W097/36859, W097/36861, W097/36862, W097/44333, 
50 W097/47618, W098/31359, W098/25892, W098/18460, W099/44994, 
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WO99/30709, WO99/31061, WO 99/26945, W099/52896, W099/52879, 
W099/32457, WO99/31099, WO00/07544, WO00/00486, WO00/06169, 
WO00/17197 and WO00/01383. 

While it is clearly possible to obtain selective integrin inhibitors, their 
usefulnesses in medicine may be limited due to poor pharmacokinetic 
properties. Thus, for example, in our hands, integrin inhibitors falling 
within the general structural types featured in the above-mentioned patent 
specifications are not particularly attractive for development as medicines 
since they can be cleared rapidly from the body. In order to overcome this 
problem we have made use of a squaric acid framework which can be 
readily adapted to provide potent and selective integrin inhibitors using 
recognised integrin binding groups (for example as described herein and in 
the patent specifications listed above), which advantageously possess 
good pharmacokinetic properties, especially low plasma clearance. 

Thus according to one aspect of the invention we provide a compound of 
formula (1) 



wherein 

R 1 is an integrin binding group; 

R2 is a hydrogen atom or a Chalky I group; 

L 1 is a covalent bond or a linker atom or group; 

n is zero or the integer 1 ; 

Alk 1 is an optionally substituted aliphatic chain; 

r3 j s a hydrogen atom or an optionally substituted heteroaliphatic, 
cycloaliphatic, heterocycloaliphatic, polycycloaliphatic, polyheterocyclo- 
aliphatic, aromatic or heteroaromatic group: 
and the salts, solvates, hydrates and N-oxides thereof. 
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It will be appreciated that compounds of formula (1) may have one or more 
chiral centres, and exist as enantiomers or diastereomers. The invention is 
to be understood to extend to all such enantiomers, diastereomers and 
mixtures thereof, including racemates. Formula (1) and the formulae 
5 hereinafter are intended to represent all individual isomers and mixtures 
thereof, unless stated or shown otherwise. 

In the compounds according to the invention, integrin-binding groups 
represented by R 1 include for example those which are able to bind 014- or 
10 cxv-integrins. Particular examples of such integrins include cuPi, ct^and 
a v P3 integrins. 

In general, the term integrin-binding group is used herein in relation to R 1 
to mean any group which when part of the compound of formula (1) is able 

15 to interact with an integrin to modulate cell adhesion in vivo and achieve a 
therapeutic response. Typically the R 1 group may bind to the integrin in 
such a way that it modulates the interaction of the integrin with its ligand. 
Thus for example the R 1 group may inhibit binding of the ligand and 
decrease cell adhesion. Such a response enables appropriate R 1 groups 

20 to be readily identified using small scale routine in vitro screening assays 
to determine the degree of inhibition of integrin-ligand binding in the 
presence of a compound of formula (1 ). Examples of such screening 
assays are widely reported in the literature, for example in the papers and 
International patent specifications described above, and in the Examples 

25 hereinafter. 

Thus in general R 1 may be any group which when present in a compound 
of formula (1) is able to bind to an integrin such that the compound of 
formula (1) inhibits the binding of the integrin with its ligand with an IC50 of 
30 10jiM or below, particularly 1 jiM or below, especially 500nM or below, e.g. 
in the range 0 .001 - 500nM. 

Particular R 1 groups in compounds of the invention include those of 
formula Ar 1 L 2 Ar 2 Alk- wherein Ar 1 is an optionally substituted aromatic or 
35 heteroaromatic group, L 2 is a linker atom or group, Ar 2 is an optionally 
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substituted phenylene or nitrogen-containing six-membered heteroarylene 
group and Alk is a chain: 

-CH 2 -CH(R)-, -CH=C(R)-, -CH- or -C- 

CH 2 R CHR 
where R is a carboxylic acid (-CO2H) or a derivative or biostere thereof. 



r1 groups of this type are particularly useful for binding 04 integrins and 
compounds of formula (1) incorporating the Ar 1 L 2 Ar 2 Alk- function can be 
10 expected to inhibit 04 integrins such as cuPi and/or CL4P7 at concentrations 
at which they generally have no or minimal inhibitory action on integrins of 
20 other a subgroups. Such compounds are of use in medicine, for example 

in the prophylaxis and treatment of immune or inflammatory disorders as 
described hereinafter. 

15 

25 Optionally substituted aromatic groups represented by Ar 1 when present in 

the group R 1 include for example optionally substituted monocyclic or 
bicyclic fused ring Ce-12 aromatic groups, such as phenyl, 1- or 2-naphthyl, 
1- or 2-tetrahydronaphthyl, indanyl or indenyl groups. 

30 20 

Optionally substituted heteroaromatic groups represented by the group Ar 1 
when present in the group R 1 include for example optionally substituted 
C1-9 heteroaromatic groups containing for example one, two, three or four 

35 heteroatoms selected from oxygen, sulphur or nitrogen atoms. In general, 

25 the heteroaromatic groups may be for example monocyclic or bicyclic 
fused ring heteroaromatic groups. Monocyclic heteroaromatic groups 
include for example five- or six-membered heteroaromatic groups 

40 containing one, two, three or four heteroatoms selected from oxygen, 

sulphur or nitrogen atoms. Bicyclic heteroaromatic groups include for 
30 example eight- to thirteen-membered fused-ring heteroaromatic groups 
containing one, two or more heteroatoms selected from oxygen, sulphur or 

45 nitrogen atoms. 

Particular examples of heteroaromatic groups of these types include 
35 pyrrolyl, furyl, thienyl, imidazolyl, N-Ci-ealkylimidazolyl, oxazolyl, 
50 isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 
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1.2.3- oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 

1.3.4- thiadiazole, pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, 1,3,5-triazinyl, 
1,2,4-triazinyl, 1,2,3-triazinyl, benzofuryl, [2 f 3-dihydro]benzofuryl, [2,3- 
dihydro]benzothienyl, benzothienyl, benzotriazolyl, indolyl, isoindolyl, 

5 benzimidazolyl, imidazo[1,2-a]pyridyl, benzothiazolyl, benzoxazolyl, 
benzopyranyl, [3,4-dihydro]benzopyranyl, quinazolinyl, quinoxalinyl, 
naphthyridjnyl, especially 2,6-naphthyridinyl, pyrido[3,4-b]pyridyl, 
pyrido[3,2-b]pyridyl, pyrido[4,3-b]-pyridyl, quinolinyl, isoquinolinyl, 
tetrazolyl, 5,6,7,8-tetrahydroquinotinyl, 5,6,7,8-tetrahydroisoquinolinyl, and 

10 imidyl, e.g. succinimidyl, phthalimidyl, or naphthalimidyl such as 1,8- 
naphthalimidyl. 

Each aromatic or heteroaromatic group represented by the group Ar 1 may 
be optionally substituted on any available carbon or, when present, 

15 nitrogen atom. One, two, three or more of the same or different 
substituents may be present and each substituent may be selected for 
example from an atom or group -L 3 (Alk2)tL 4 (R 4 )u in which L 3 and L 4 , 
which may be the same or different, is each a covalent bond or a linker 
atom or group, t is zero or the integer 1 , u is an integer 1 , 2 or 3, Alk 2 is an 

20 aliphatic or heteroaliphatic chain and R 4 is a hydrogen or halogen atom or 
a group selected from optionally substituted Ci-6alkyl or C3-8 cycloalkyl, 
-OR 5 [where R 5 is a hydrogen atom, an optionally substitued Ci-ealkyI or 
C3-8 cycloalkyl group], -SR 5 , -NR 5 R 6 [where R 6 is as just defined for R 5 
and may be the same or different], -N0 2 , -CN, -C0 2 R 5 . -SO3H, -SOR 5 , 

25 -SO2R 5 , -SO3R 5 -OCO2R 5 , -CONR5R6, -OCONR 5 R 6 , -CSNR5R6 ( 
-COR 5 , -OCOR 5 , -N(R 5 )COR 6 , -N(R 5 )CSR 6 , -S0 2 N(R 5 )(R 6 ), 
-N(R 5 )S0 2 R 6 , N(R 5 )C0N(R 6 )(R 7 ) [where R7 is a hydrogen atom, an 
optionally substituted Ci-ealkyI or C3-acycloalkyl group], 
-N(R 5 )CSN(R6)(R7) or -N(R 5 )S0 2 N(R 6 )(R 7 ), provided that when t is zero 

30 and each of L 3 and L 4 is a covalent bond then u is the integer 1 and R 4 is 
other than a hydrogen atom. 

When L 3 and/or L 4 is present in these substituents as a linker atom or 
group it may be any divalent linking atom or group. Particular examples 
35 include -O- or -S- atoms or -C(O)-, -C(0)0-, -00(0)-, -C(S)-, -S(0)-, 
-S(0) 2 -, -N(R 8 )- [where R 8 is a hydrogen atom or an optionally 
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substituted Ci- 6 alkyl group], -N(R 8 )0-, -N(R 8 )N-, -CON(R 8 )-, 
-0C(O)N(R 8 )-, -CSN(RB)-, -N(R 8 )CO-, -N(R 8 )C(0)0-, -N(R 8 )CS-, 
-S(0) 2 N(R 8 )-, -N(R 8 )S(0) 2 -, -N(R 8 )CON(R 8 )-, -N(R 8 )CSN(R 8 )-, or 
-N(R 8 )S02N(R 8 )- groups. Where the linker group contains two R 8 
5 substituents, these may be the same or different. 

When R 4 , R 5 , R 6 , R 7 and/or R 8 is present as a Ci.6alkyl group it may be 
a straight or branched Ci_6alkyl group, e.g. a Ci^alkyl group such as a 
methyl or ethyl group. C3-8cycloalkyl groups represented by R 4 , R 5 , R 6 , R 7 

10 and/or R 8 include C3-ecycloalkyl groups e.g. cyclopropyl, cyclobutyl, 
cyclopentyl and cyclohexyl groups. Optional substituents which may be 
present on such alkyl and cycloalkyl groups include for example one, two 
or three substituents which may be the same or different selected from 
halogen atoms, for example fluorine, chlorine, bromine or iodine atoms, or 

15 hydroxy or Ci^alkoxy e.g. methoxy or ethoxy groups. 

When the groups R 5 and R 6 or R 6 and R 7 are both Ci^alkyl groups these 
groups may be joined, together with the N atom to which they are 
attached, to form a heterocyclic ring. Such heterocyclic rings may be 
20 optionally interrupted by a further heteroatom selected from -0-, -S- or 
-N(R 5 )-. Particular examples of such heterocyclic rings include piperidinyl, 
morpholinyl, thiomorpholinyl, pyrrolidinyl, imidazolidinyl and piperazinyl 
rings. 

25 When Alk 2 is present as an aliphatic or heteroaliphatic chain it may be for 
example any divalent chain corresponding to the below-mentioned 
aliphatic or heteroaliphatic group described for Alk 1 or R 3 respectively. 

Halogen atoms represented by R 4 in the optional Ar 1 substituents include 
30 fluorine, chlorine, bromine, or iodine atoms. 

Examples of the substituents represented by -L 3 (Alk 2 ) ( L 4 (R 4 ) u when 
present in Ar 1 groups in compounds of the invention include atoms or 
groups -L 3 Alk 2 L 4 R 4 , -L 3 Alk 2 R 4 , -L 3 R 4 , -R4 and -Alk 2 R 4 wherein L 3 , Alk 2 , 
35 L 4 and R 4 are as defined above. Particular examples of such substituents 
include -L 3 CH 2 L 4 R 4 , -L 3 CH(CH 3 )L 4 R 4 , -L 3 CH(CH 2 ) 2 L 4 R 4 , -L 3 CH 2 R 4 , 
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-L 3 CH(CH 3 )R 4 , -L 3 (CH 2 ) 2 R 4 -CH 2 R 4 , -CH(CH 3 )R 4 , -(CH 2 ) 2 R 4 and -R 4 
groups. 

Thus Ar 1 in compounds of the invention may be optionally substituted for 

5 example by one, two, three or more halogen atoms, e.g. fluorine, chlorine, 
bromine or iodine atoms, and/or Ci-6alkyl, e.g. methyl, ethyl, n-propyl, i- 
propyl, n-butyl or t-butyl, C 3 -8cycloalkyl, e.g. cyclopropyl, cyclobutyl, 
cyclopentyl or cyclohexyl, Ci.6hydroxyalkyl, e.g. hydroxymethyl, 
hydroxyethyl or -C(OH)(CF 3 ) 2 , carboxyCi- 6 alkyl, e.g. carboxyethyl, Ci- 

10 6alkylthio e.g. methylthio or ethylthio, carboxyCi-6aikylthio, e.g. 
carboxymethylthio, 2-carboxyethylthio or 3-carboxy-propylthio, Ci-ealkoxy, 
e.g. methoxy or ethoxy, hydroxyCi-6alkoxy, e.g. 2-hydroxyethoxy, haloCi- 
6 alkyl, e.g. -CF 3l -CHF 2 , CH 2 F, haloCi-ealkoxy, e.g. -OCF 3 , -OCHF 2 , 
-OCH 2 F, Ci-6alkylamino, e.g. methylamino or ethylamino, amino (-NH 2 ), 

15 aminoCi-6alkyl, e.g. aminomethyl or aminoethyl, Ci.6dialkylamino, e.g. 
dimethylamino or diethylamino, Ct-6alkylaminoCi-6alkyl, e.g. 
ethylaminoethyl, C1-6 dialkylaminoCi-6alkyl, e.g. diethylaminoethyl, 
aminoCi-6alkoxy, e.g. aminoethoxy, Ci-6alkytaminoCi-6alkoxy, e.g. 
methylaminoethoxy, Ci-6dialkylaminoCi-6alkoxy, e.g. dimethylamino- 

20 ethoxy, diethylaminoethoxy, isopropylaminoethoxy, or dimethylamino- 
propoxy, nitro, cyano, amidino, hydroxyl (-OH), formyl [HC(OB carboxyl 
(-C0 2 H), -C0 2 Aik 3 [where Alk 3 is as defined below for Alk 7 ], alkanoyl 
e.g. acetyl, thiol (-SH), thioCi^alkyl, e.g. thiomethyl orthioethyl, sulphonyl 
(-S0 3 H), -S0 3 Alk 3 Ci-ealkylsulphinyl, e.g. methylsulphinyl, Ci- 

25 6 alkylsulphonyl, e.g. methylsulphonyl, aminosulphonyl (-S0 2 NH 2 ), Ci-6 
alkylaminosulphonyl, e.g. methylaminosulphonyl or ethylaminosulphonyl, 
Cv6dialkylaminosulphonyl, e.g. dimethylaminosulphonyl or diethylamino- 
sulphonyl, phenylaminosulphonyl, carboxamido (-CONH 2 ), Ci-6alkyk 
aminocarbonyl, e.g. methyiaminocarbonyl or ethylaminocarbonyl, Ci- 

30 6 dialkylaminocarbonyl, e.g. dimethylaminocarbonyl or diethylamino- 
carbonyl, aminoCi-ealkylaminocarbonyl, e.g. aminoethylaminocarbonyl, 
Ci-6dialkylaminoCi-6alkylaminocarbonyl, e.g. diethylaminoethylamino- 
carbonyl, aminocarbonylamino, Ci-ealkylaminocarbonylamino, e.g. 
methylaminocarbonylamino or ethylaminocarbonylamino, Ci-6dialkylamin- 

35 ocarbonylamino, e.g. dimethylaminocarbonylamino or diethylamino- 
carbonylamino, Ci.6alkylaminocabonylCi^alkylamino, e.g. methylamino- 
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carbonyimethylamino, aminothiocarbonylamino, Ci-6alkylanninothio- 
carbonylamino, e.g. methylaminothiocarbonylamino or ethylaminothio- 
carbonylamino, Ci-6dialkylaminothiocarbonylamino f e.g. dimethylamino- 
thiocarbonylamino or diethylaminothiocarbonylamino, Ci-6alkylamino- 

5 thiocarbonylCi-6alkylamino, e.g. ethylaminothiocarbonyimethylamino, Ci- 
6alkylsulphonylamino, e.g. methylsulphonylamino or ethylsulphonylamino, 
Ci-edialkylsulphonylamino, e.g. dimethylsulphonylamino or diethyl- 
sulphonylamino, aminosulphonylamino (-NHSO2NH2), Ci-6alkylamino- 
sulphonyiamino, e.g. methylaminosulphonylamino or ethylaminosulphonyl- 

10 amino, Ci-6dialkylaminosulphonylamino ? e.g. dimethylaminosulphonyl- 
amino or diethylaminosulphonylamino, Ci-6alkanoylamino, e.g. 
acetylamino, aminoCi_6alkanoylamino e.g. aminoacetylamino, C1- 
6 dialkylaminoCi.6alkanoylamino, e.g. dimethylaminoacetylarnino, C1- 
ealkanoylaminoCi-6alkyl, e.g. acetylaminomethyl, Ci-6a!kanoylaminoCi.. 

15 6alkylarnino, e.g. acetamidoethylamino, Ci-6a'koxycarbonylamino, s.Q- 
methoxycarbonylamino, ethoxycarbonyiamino or t-butoxycarbonylamino 
groups. 

L 2 when present as part of the group R 1 in compounds of the invention 
20 may be a linker atom or group L 2a or a linker -Alk a (L 2a ) r , where Alk a is an 
optionally substituted aliphatic or heteroaliphatic chain as previously 
defined for Alk 2 and L 2a is a linker atom or group as described above for 
L 3 and L 4 and y is zero or the integer 1 . 

25 Optionally substituted nitrogen-containing six-membered heteroarylene 
groups represented by Ar 2 when present as part of the group R 1 include 
optionally substituted pyridiyl, pyrimidindiyl, pyridazindiyl, pyrazindiyl and 
triazindiyl groups. Each group may be attached to the remainder of the 
molecule through any available ring carbon atoms. 

30 

The phenylene and nitrogen-containing heteroarylene groups represented 
by Ar 2 may be optionally substituted by one or two substituents selected 
from the atoms or groups -L 3 (Alk 2 )tL 4 (R 4 )u described herein. Where two 
of these atoms or groups are present they may be the same or different. 
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When the group R is present in R 1 in compounds of the invention as a 
derivative of a carboxylic acid it may be for example a carboxylic acid ester 
or amide. Particular esters and amides include -C0 2 Alk? and -CONR 5 R 6 
groups as defined herein. When R is a biostere of a carboxylic acid it may 
5 be for example a tetrazole or other acid such as phosphonic acid, 
phosphinic acid, sulphonic acid, sulphinic acid or boronic acid or an 
acylsulphonamide group. 

When the group R 2 is present in compounds of the invention as a Chalky! 
10 group it may be for example a straight or branched Ci-6alkyl group, e.g. a 
Ci-3alkyl group such as a methyl or ethyl group. 

The linker atom or group represented by L 1 in compounds of formula (1) 
may be any linker atom or group as described above for the linker atom or 
15 group L 3 . 

When the group Alk 1 is present in compounds of formula (1) as an 
optionally substituted aliphatic chain it may be an optionally substituted Ci- 
10 aliphatic chain. Particular examples include optionally substituted 
20 straight or branched chain C1-6 alkylene, C2-6 alkenylene, or C2-6 
alkynylene chains. 

Particular examples of aliphatic chains represented by Alk 1 include 
optionally substituted -CH 2 -, -(CH 2 ) 2 -, -CH(CH 3 )CH 2 - ( -(CH 2 ) 2 CH 2 -, 
25 -(CH 2 ) 3 CH 2 -, -CH(CH 3 )(CH 2 ) 2 -, -CH 2 CH(CH 3 )CH 2 -, -C(CH 3 ) 2 CH 2 - 
-CH 2 C(CH 3 ) 2 CH 2 -, -(CH 2 ) 2 C(CH 3 ) 2 CH 2 - ( -(CH 2 ) 4 CH 2 -, -(CH 2 ) 5 CH 2 -, 
-CHCH-, -CHCHCH 2 -, -CH 2 CHCH-, -CHCHCH 2 CH 2 -, -CH 2 CHCHCH 2 -, 
-(CH 2 ) 2 CHCH-, -CC-, -CCCH 2 -, -CH 2 CC-. -CCCH 2 CH 2 - -CH 2 CCCH 2 - or 
-(CH 2 ) 2 CCH- groups. 

30 

Heteroaliphatic groups represented by the group R 3 in the compounds of 
formula (1) include the aliphatic chains just described for A!k 1 but with each 
containing a terminal hydrogen atom and additionally containing one, two, 
three or four heteroatoms or heteroatom-containing groups. Particular 
35 heteroatoms or groups include atoms or groups L 5 where L 5 is as defined 
above for L 3 when L 3 is a linker atom or group. Each L 5 atom or group 
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may interrupt the aliphatic group, or may be positioned at its terminal 
carbon atom to connect the group to an adjoining atom or group. 
Particular examples include optionally substituted -L 5 CH3, -CH 2 L 5 CH 3 , 
-L5CH 2 CH 3 . -CH 2 L5CH 2 CH 3 , -(CH 2 ) 2 L 5 CH 3 , -(CH 2 )3LSCH 3i -L 5 (CH 2 ) 3l 
5 and -(CH 2 ) 2 L 5 CH 2 CH 3 groups. 

The optional substituents which may be present on aliphatic or 
heteroaliphatic chains represented by Alk 1 and R 3 respectively include 
one, two, three or more substituents where each substituent may be the 
10 same or different and is selected from halogen atoms, e.g. fluorine, 
chlorine, bromine or iodine atoms, or -OH, -C0 2 H, -C0 2 R 9 , where R 9 is 
an optionally substituted straight or branched Ci-6alkyl group as defined 
above for R*. -CONHR 9 -CON(R a ) 2l -COCH 3 , Ci-ealkoxy, e.g. methoxy 
or ethoxy, thiol, -S(0)R 9 , -S(0) 2 R 9 , Ci- 6 alkylthio e.g. methylthio or 
15 ethylthio, amino or substituted amino groups. Substituted amino groups 
25 include -NHR 9 and -N(R 9 ) 2 groups . Where two R 9 groups are present in 

any of the above substituents these may be the same or different. 

Optionally substituted cycloaliphatic groups represented by the group R 3 in 
30 20 compounds of the invention include optionally substituted C3-10 

cycloaliphatic groups. Particular examples include optionally substituted 
C3.10 cycloalkyl, e.g. C 3 -7 cycloalkyl or C 3 -io cycloalkenyl, e.g 03.7 
cycloalkenyl groups. 

35 

25 Optionally substituted heterocycloaliphatic groups represented by the 
group R 3 include optionally substituted C3-ioheterocycloaliphatic groups. 
Particular examples include optionally substituted C 3 .ioheterocycloalkyl, 
40 e g c 3 .7 heterocycloalkyl, or C3-ioheterocycloalkenyl, e.g. C 3 -7 

hetercycloalkenyl groups, each of said groups containing one, two, three 

30 or four heteroatoms or heteroatom-containing groups L 5 as defined above. 



45 Optionally substituted polycycloaliphatic groups represented by the group 

R3 include optionally substitued C7.10 bi- or tricycloalkyl or C7-iobi- or 
tricycloalkenyl groups. Optionally substituted polyheterocycloaliphatic 
35 groups represented by the group R 3 include the optionally substituted 

50 
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polycycloalkyl groups just described, but with each group additionally 
containing one, two, three or four L 5 atoms or groups. 

Particular examples of cycloaiiphatic, polycycloaliphatic, heterocyclo- 
5 aliphatic and polyheterocycloaliphatic groups represented by the group R 3 
include optionally substituted cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, 2-cyclobuten-1-yl, 2-cyclopenten-1-yl, 3- 
cyclopenten-1-yl, adamantyl, norbornyl, norborneny!, tetrahydrofuranyl, 
pyrroline, e.g. 2- or 3-pyrrolinyl, pyrrolidinyl, pyrrolidine, oxazolidinyl, 
10 oxazolidinone, dioxolanyl, e.g. 1,3-dioxolanyl, imidazolinyl, e.g. 2- 
imidazolinyl, imidazolidinyl, pyrazolinyl, e.g. 2-pyrazolinyl, pyrazolidinyl, 
pyranyl, e.g. 2- or 4-pyranyl, piperidinyl, piperidinone, 1,4-dioxanyl, 
morpholinyl, morpholinone, 1,4-dithianyl, thiomorpholinyl, piperazinyl, 
1,3,5-trithianyl, oxazinyl, e.g. 2H-1.3-, 6H-1.3-, 6H-1.2-, 2H-1,2- or 4H-1.4- 
15 oxazinyl, 1 ,2,5-oxathiazinyl, isoxazinyl, e.g. o- or p-isoxazinyl, 
oxathiazinyl, e.g. 1,2,5 or 1 ,2,6-oxathiazinyl, or 1,3,5,-oxadiazinyl groups. 

The optional substituents which may be present on the cycloaliphatic, 
polycycloaliphatic, heterocycloaliphatic or polyheterocycloaliphatic groups 

20 represented by the group R 3 include one, two, three or more substituents 
each selected from halogen atoms, e.g. fluorine, chlorine, bromine or 
iodine atoms, or d-ealkyl, e.g. methyl or ethyl, haloCi.6alkyl, e.g. 
halomethyl or haloethyl such as difluorom ethyl or trifluoromethyl, optionally 
substituted by hydroxyl, e.g. -C(OH)(CF 3 ) 2 , Ci- 6 alkoxy, e.g. methoxy or 

25 ethoxy, haloCi_6aikoxy, e.g. halomethoxy or haloethoxy such as 
difluoromethoxy or trifluoromethoxy, thiol, Ci-ealkylthio e.g. methylthio or 
ethylthio, or -(Alk 4 ) v R 10 groups in which Alk 4 is a straight or branched Cv 
3alkylene chain, v is zero or an integer 1 and R 10 is a -OH, -SH, 
-N(R 11 )2, (in which R 11 is an atom or group as defined herein for R*) -CN, 

30 -C0 2 R 11 , -N0 2 , -C0N(R11) 2 , -CSN(R 11 ) 2 , -COR' 1 , -CSN(R^) 2 , 
-N(R 11 )COR 11 , -N(R 11 )CSR1\ -S0 2 N(R 11 ) 2 , -N(R 11 )S0 2 R 11 , 
-N(R 11 )CON(R 11 ) 2 , -N(R 11 )CSN(R 11 ), N(R 11 )S0 2 N(R 11 ) 2 or optionally 
substituted phenyl group. Where two R 11 atoms or groups are present in 
these substituents these may be the same or different. Optionally 

35 substituted phenyl groups include phenyl substituted by one, two or three 
of the R 13 groups described below 



WO 00/73260 PCT/GB00/02020 



13 



Additionally, when the group R 3 is a heterocycloaliphatic group containing 
one or more nitrogen atoms each nitrogen atom may be optionally 
substituted by a group -(L 6 ) p (Alk 5 ) q R 12 in which L 6 is -C(O)-, -C(0)0-, 
5 -C(S)-, -S(0) 2 -, -CON(RH)-, -CSN(R 11 )- or S0 2 N(R 11 )-; p is zero or an 
integer 1 ; Alk 5 is an optionally substituted aliphatic or heteroaliphatic chain; 
q is zero or an integer 1; and R 12 is a hydrogen atom or an optionally 
substituted cycloaliphatic, heterocycloaliphatic, polycycloaliphatic, 
polyheterocycloaliphatic, aromatic or heteroaromatic group. 

10 

Optionally substituted aliphatic or heteroaliphatic chains represented by 
Alk 5 include those optionally substituted chains described above for Alk 1 
and R 3 respectively. 

Cycloaliphatic, heterocycloaliphatic, polycycloaliphatic or polyheterocyclo- 
aliphatic groups represented by R 12 include those groups just described 
for the group R 3 . Optional substituents which may be present on these 
groups include those described above in relation to Alk 1 and R 3 aliphatic 
and heteroaliphatic chains. 

When the group R 3 is an optionally substituted aromatic or heteroaromatic 
group it may be for example an aromatic or heteroaromatic group as 
described herein for the group Ar 1 . 

25 Optional substituents which may be present on the aromatic or 
heteroaromatic groups represented by the group R 3 include one, two, 
three or more substituents, each selected from an atom or group R 13 in 
which R 13 is -R 13a or -AH#(R 13a ) m . where R 13a is a halogen atom, or an 
amino (-NH 2 ), substituted amino, nitro, cyano, amidino, hydroxyl (-OH), 

30 substituted hydroxyl, formyl, carboxyl {-CO2H), esterified carboxyl, thiol 
(-SH), substituted thiol, -COR 14 [where R 14 is an -AlkP(R 13a ) m , 
cycloaliphatic, heterocycloaliphatic, aryl or heteroaryl group], -CSR 14 
-SO3H, -SOR 14 , -S0 2 R 14 -SO3R 14 , -SO2NH2, -S0 2 NHR 14 S0 2 N(R 14 ) 2 , 
-CONH2, -CSNH 2 , -CONHR 14 , -CSNHR 14 , -CON[R 14 ] 2 , -CSN(R 14 ) 2 , 

35 -N(R 11 )S0 2 R 14 , -N(S0 2 R 14 )2, -NH(R 1 1 )S0 2 NH 2l -N(R 11 )S0 2 NHR 14 
-N(R 11 )S0 2 N(R 14 )2, -N(R 11 )COR 14 , -N(R 11 )CONH 2 , -N(R 11 )CONHR 14 



WO O0H3260 



PCT/GB00/02020 



14 

-N(R 11 )CON(R^)2, -N(RH)CSNH 2 , -N(R^)CSNHR^, -N(R")CSN(R1 4 ) 2 , 
-N(R 11 )CSR 14 , -N(R 11 )C(O)0R 14 , -S0 2 NHet 1 [where -NHet 1 is an 
optionally substituted C5_7cyclicamino group optionally containing one or 
more other -0- or -S- atoms or -N(R1 1 )-, -C(0)-. -C(S)-, S(0) or -S(0) 2 

5 groups], -CONHeti. -CSNHet^ -N(Ri 1 )S0 2 NHeti, -N(Ri 1 )CONHeti, 
-N(R 11 )CSNHet 1 , -S0 2 N(R 11 )Het 2 [where Het 2 is an optionally substituted 
monocyclic Cs^carbocyclic group optionally containing one or more -0- or 
-S- atoms or -N(RH)-, -C(0)- or -C(S)- groups], -Het 2 , -CON(R 11 )Het 2 
-CSN(R 11 )Het 2 , -N(RH)CON(R 11 )Het 2 -N(Rl 1 )CSN(R 11 )Het 2 , cyclo- 

10 aliphatic, heterocycloaliphatic, aryl or heteroaryl group; Alk 6 is a straight or 
branched Ci-6alkylene, C 2 -6alkeny!ene or C 2 .6alkynylene chain, optionally 
interrupted by one, two or three -0- or -S- atoms or -S(0) n [where n is an 
integer 1 or 2] or -N(R 15 )- groups [where R 15 is a hydrogen atom or Ci- 
6 alkyl, e.g. methyl or ethyl group]; and m is zero or an integer 1, 2 or 3. It 

15 will be appreciated that when two R 11 or R 14 groups are present in one of 
the above substituents, the R 11 or R 14 groups may be the same or 
different. 

When in the group -Alk 6 (R 13a ) m m is an integer 1, 2 or 3, it is to be 
20 understood that the substituent or substituents R 13a may be present on 
any suitable carbon atom in -Alk 6 . Where more than one R 13a substituent 
is present these may be the same or different and may be present on the 
same or different atom in -Alk 6 . Clearly, when m is zero and no 
substituent R 13a is present the alkylene, alkenylene or alkynylene chain 
25 represented by Alk 6 becomes an alkyl, alkenyl or alkynyl group. 

When R 13a is a substituted amino group it may be for example a group 
-NHR 14 [where R 14 is as defined above] or a group -N(R 14 )2 wherein each 
R 14 group is the same or different. 

30 

When R 13a is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R 13a is a substituted hydroxy! or substituted thiol group it may be for 
35 example a group -OR 14 or a -SR 14 or -SC(=NH)NH 2 group respectively. 
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Esterified carboxyl groups represented by the group R 13a include groups of 
formula -C02AJk 7 wherein Alk 7 is a straight or branched, optionally 
substituted Ci-galkyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyl, s-butyl or t-butyl group; a C 6 -i2arylCi.8alkyl group such as an 

5 optionally substituted benzyl, phenylethyl, phenylpropyl, 1-naphthylmethyl 
or 2-naphthylmethyl group; a C6-i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a C6-i2aryioxyCi-8alkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxy ethyl, 
1-naphthyloxymethyl, or 2-naphthyloxymethyl group; an optionally 

10 substituted Ci-salkanoyloxyCi-BalkyI group, such as a plvaloyloxymethyl, 
propionyloxyethyl or propionyloxypropyl group; or a C6-i2aroyloxyCi-8alkyl 
group such as an optionally substituted benzoyloxyethyl or benzoyloxy- 
propyl group. Optional substituents present on the Alk 7 group include R 13a 
substituents described above. 

15 

When Alk 6 is present in or as a substituent it may be for example a 
methylene, ethylene, n-propylene, i-propylene, n-butylene, i-butylene, s- 
butylene, t-butylene, ethenylene, 2-propenylene, 2-butenyIene, 3- 
butenylene, ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
20 chain, optionally interrupted by one, two, or three -0- or -S-, atoms or 
-S(0)-, -S(0)2- or -N(R9)- groups. 

Cycloaliphatic or heterocycloaliphatic groups represented by the groups 
pt3a or r14 include those optionally substituted C3-iocycloaliphatic or C3-10 
25 heterocycloaliphatic groups described above for R 3 . 

Aryl or heteroaryl groups represented by the groups R 13a or R 14 include 
mono- or bicyclic optionally substituted C6-12 aromatic or C1-9 
heteroaromatic groups as described above for the group Ar 1 . The 
30 aromatic and heteroaromatic groups may be attached to the remainder of , 
the compound of formula (1 ) by any carbon or hetero e.g. nitrogen atom as 
appropriate. 

When -NHet* or -Het* forms part of a substituent R 13 each may be for 
35 example an optionally substituted pyrrolidinyl, pyrazolidinyl, piperazinyl, 
morpholinyl, thiomorpholinyl, piperidinyl or thiazolidinyl group. Additionally 
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Het 2 may represent for example, an optionally substituted cyclopentyl or 
cyclohexyl group. Optional substituents which may be present on -NHet 1 
or -Het 2 include those R 7 substituents described above. 

5 Particularly useful atoms or groups represented by R 13 include fluorine, 
chlorine, bromine or iodine atoms, or Ci-ealkyl, e.g. methyl, ethyl, n-propyl, 
i-propyl, n-butyl or t-butyl, optionally substituted phenyl, pyridyl, pyrimidinyl, 
pyrrolyl, furyl, thiazolyl, thienyl, morpholinyl, thiomorpholinyl, piperazinyl, 
e.g. t-butyloxycarbonylpiperazinyl, pyrrolidinyl, dioxolanyl, dioxanyl, 

10 oxazolidinyl, thiazolidinyl, imidazolidinyl or piperidinyl, Ci-6hydroxyalkyl, 
e.g. hydroxymethyl or hydroxyethyl, carboxyCi-6alkyl, e.g. carboxyethyl, 
Ci-6alkylthio e.g. methylthio or ethylthio, carboxyCi-6alky!thio, e.g. 
carboxymethylthio, 2-carboxyethylthio or 3-carboxypropylthio, Ci_6alkoxy, 
e.g. methoxy or ethoxy, hydroxyCi-6alkoxy, e.g. 2-hydroxyethoxy, 

15 optionally substituted phenoxy, pyridyloxy, thiazolyoxy, phenylthio or 
pyridylthio, C^cycloalkyl, e.g. cyclobutyl, cyclopentyl, C5-7cydoalkoxy, 
e.g. cyclopentyloxy, haloCi-6alkyl, e.g. trifluoromethyl, haloCi- 6 alkoxy, e.g. 
trifluoromethoxy, Ci_6alkylamino, e.g. methylamino, ethylamino or 
propylamino, C6-12arylC1-6alkylamino, e.g.benzylamino, 4-fluorobenzyl- 

20 amino or 4-hydroxyphenylethylamino, amino (-NH2). aminoCi-6alkyl, e.g. 
aminomethyl or aminoethyl, Ci-6dialkylamino, e.g. dimethylamino or 
diethylamino, aminoC1-6alkylamino, e.g. aminoethylamino or aminopropyl- 
amino, optionally substituted Het 1 IMCi-6alkylamino, e.g. 3-morpholino- 
propylamino, Ci-6alky1aminoCi-6alkyl, e.g. ethylaminoethyl, Ci-6dialkyl- 

25 aminoCi-6alkyl, e.g. diethylaminoethyl, aminoCi-6alkoxy, e.g. aminoethoxy, 
Ci.6alkylaminoCi.6alkoxy, e.g. methylaminoethoxy, Ci-6dialkylaminoCi- 
6alkoxy, e.g. dimethylaminoethoxy, diethylaminoethoxy, diisopropylamino- 
ethoxy, or dimethylaminopropoxy, hydroxyCi-6alkylamino, e.g. 2-hydroxy- 
ethylamino, 3-hydroxypropylamino or 3-hydroxybutylamino, imido, such as 

30 phthalimido or naphthalimido, e.g. 1,8-naphthalimido, nitro, cyano, 
amidino, hydroxyl (-OH), formyl [HC(O)-], carboxyl (-CO2H), -C02Alk 7 
[where Alk 7 is as defined above], C1-6 alkanoyl e.g. acetyl, propyryl or 
butyryl, optionally substituted benzoyl, thiol (-SH), thioCi- 6 alkyl, e.g. 
thiomethyl or thioethyl, -SC(=NH)NH 2 , sulphonyl (-SO3H), -S0 3 Alk 7 , d. 

35 6 alkylsulphinyl, e.g. methylsulphinyl, ethylsulphihyl or propylsulphinyl, Ci_ 
6 alkylsulphonyl, e.g. methylsulphonyl, ethylsulphonyl or propylsulphonyl, 
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aminosulphonyl (-S0 2 NH 2 ), Ci.ealkylaminosulphonyl, e.g. 
methylaminosulphonyl, ethylaminosulphonyl or propylaminosulphonyl Ci- 
6 dialkylaminosulphonyl, e.g. dimethylaminosulphonyl or diethylamino- 
sulphonyl, phenylaminosulphonyl, carboxamido (-CONH2), Ci-6alkylamino- 
5 carbonyl, e.g. methylaminocarbonyl, ethylaminocarbonyl or propylamino- 
carbonyl, Ci-6dialkylaminocarbonyl, e.g. dimethylaminocarbonyl or 
diethylaminocarbonyl, aminoCi-ealkylaminocarbonyl, e.g. aminoethyl- 
aminocarbonyl, Cv6alkylaminoCi-6alkylaminocarbonyl, e -9- methylamino- 
ethylaminocarbonyl, Ci. 6 dialkylaminoCi-6alkylaminocarbonyl, e.g. diethyl- 
10 aminoethylaminocarbonyi, aminocarbonylamino, Ci-6alkylaminocarbonyl- 
amlno, e.g. methylaminocarbonylamino or ethylaminocarbonylamino, Ci- 
20 edialkylaminocarbonylamino, e.g. dimethylaminocarbonylamino or diethyl- 

amlnocarbonylamino, Ci-6alkylaminocabonylCi-6alkylamino, e.g. methyl- 
aminocarbonylmethylamino, aminothiocarbonylamino, Ci-6alkylaminothio- 
15 carbonylamino, e.g. methylaminothiocarbonylamino or ethylaminothio- 
25 carbonylamino, Ci_6dialkylaminothiocarbonylamino, e.g. dimethylamino- 

thiocarbonylamino or diethylaminothiocarbonylamino, Ci-6alkyiaminothio- 
carbonylCi-6alkylamino, e.g. ethylaminothiocarbonylmethylamino, 
-CONHC(=NH)NH 2 , Ci-ealkylsulphonylamino, e.g. methylsulphonylamino 
30 20 or ethylsulphonylamino, haloCi^alkylsulphonylamino, e.g. trifluoromethyl- 

sulphonylamino, Ci-edialkyisulphonylamino, e.g. dimethylsulphonylamino 
or diethylsulphonylamino, optionally substituted phenylsulphonylamino, 
arninosulphonylamino (-NHSO2NH2), Ci^alkylaminosulphonylamino, e.g. 
35 methylaminosulphonylamino or ethylaminosulphonylamino, Ci-6dialkyl- 

25 arninosulphonylamino, e.g. dimethylaminosulphonylamino or diethylamino- 
sulphonylamino, optionally substituted morpholinesulphonylamino or 
morphormesulphonylCi.6alkylamino, optionally substituted phenylamino- 
40 sulphonylamino, Ci-6alkanoyiamino, e.g. acetylamino, aminoCi-ealkanoyl- 

amino e.g. aminoacetylamino, Ci-6dialkylaminoCi-6alkanoytamino, e.g. 
30 dimethylaminoacetylamino, Ci-6alkanoylaminoCi-6alkyl, e.g. acetylamino- 
methyl, Ci-6alkanoylaminoCi-6alkylamino, e.g. acetamidoethylamino, D|. 
45 6 alkoxycarbonylamino, e.g. methoxycarbonylamino, ethoxycarbonylarnino 

or t-butoxycarbonylamino or optionally substituted benzyloxy, 
pyridylmethoxy, thiazolylmethoxy, benzyloxycarbonylamino, benzyloxy- 
35 carbonylaminoCi-6alkyl e.g. benzyloxycarbonylaminoethyl, thiobenzyl, 
50 pyridylmethylthio or thiazolylmethylthio groups. 



55 



WO 00/73260 



PCT/GBOQ/02020 



18 

Where desired, two R 13 substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a Ci^alkylenedioxy group such as 
methylenedioxy or ethylenedioxy. 

5 

It will be appreciated that where two or more R 13 substituents are present, 
these need not necessarily be the same atoms and/or groups. In general, 
the substituent(s) may be present at any available ring position in the 
aromatic or heteroaromatic group represented by R 3 . 

10 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be formed. Suitable salts include 
pharmaceutical^ acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
15 organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isothionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or 
20 napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

Salts derived from inorganic or organic bases include alkali metal salts 
25 such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium salts, and organic amine salts such as morpholine, 
piperidine, dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
30 pharmaceutical^ acceptable salts, especially acid addition pharma- 
ceuticaliy acceptable salts. 

In the compounds according to the invention the group R 1 is preferably an 
Ar 1 L 2 Ar 2 Alk- group. In compounds of this type Ar 1 is preferably an 
35 optionally substituted phenyl, monocyclic heteroaromatic or bjcyclic 
heteroaromatic group. Particularly useful monocyclic heteroaromatic 
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groups are optionally substituted five- or six-membered heteroaromatic 
groups as described previously, especially five- or six-membered 
heteroaromatic groups containing one or two heteroatoms selected from 
oxygen, sulphur or nitrogen atoms. Nitrogen-containing groups are 

5 especially useful, particularly pyridyl or pyrimidinyl groups. Particularly 
useful substituents present on these Ar 1 groups include halogen atoms or 
optionally substituted alkyl, -OR 5 , -SR 5 , -NR 5 R 6 , -C0 2 H, -C0 2 CH 3l -N0 2 
or -CN groups as described above in relation to the compounds of formula 
(1). Particularly useful bicyclic heteroaromatic groups represented by Ar 1 

10 include optionally substituted ten-membered fused-ring heteroaromatic 
groups containing one or two heteroatoms, especially nitrogen atoms. 
Particular examples include optionally substituted naphthyridinyl, 
especially 2,6-naphthyridinyl, quinolinyl and isoquinolinyl, especially 
isoquinolin-1-yl groups. Particular optional substituents include those just 

1 5 described for monocyclic heteroaromatic groups. 

A particularly useful group of compounds according to the invention has 
the formula (2a): 



20 




wherein -W= is -CH= or -N=; 

R1 6 and R 17 which may be the same or different is each a hydrogen atom 
or an atom or group -L 3 (Alk 2 )tL 4 (R 4 )u in which L 3 , Alk 2 , t, L 4 R 4 and u are 
25 as defined previously; 

l 2 , Ar 2 , Alk, R 2 Alk 1 , n and R 3 are as defined for formula (1); 
and the salts, solvates, hydrates and N-oxides thereof. 

-W= in compounds of formula (2a) is preferably -N=. 

30 

R1 6 and R 17 in compounds of formula (2a) is each preferably as 
particularly described above for compounds of formula (1), other than a 
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hydrogen atom. Particularly useful R 16 and R 17 substituents include 
halogen atoms, especially fluorine or chlorine atoms, or methyl, 
halomethyl, especially -CF 3 , -CHF2 or -CH 2 F, methoxy or halomethoxy, 
especially -OCF3, -OCHF2 or -OCH2F groups. 

A further particularly useful group of compounds according to the invention 
has the formula (2b): 



wherein R 16 , L 1 . L 2 , Ar 2 Alk, R 2 Alk 1 , n and R 3 are as defined for formula 

(2a); 

g is zero or the integer 1 ,2, 3 or 4; 

and the salts, solvates, hydrates and N-oxides thereof. 

Each R 16 atom or group in compounds of formula (2b) may be 
independently selected from an atom or group -L 3 (Alk 2 )tL 3 (R 4 ) u in which 
L 3 , Alk 2 , t, L 4 , R 4 and u are as previously defined. Particularly useful R 16 
substituents when present in compounds of formula (2b) include halogen 
atoms, especially fluorine, chlorine or bromine atoms, or methyl, 
halomethyl, especially -CF3, methoxy or halomethoxy, especially -OCF3, 
-CN, -C0 2 Me, -N0 2l amino (-NH 2 ), substituted amino (-NR 5 R 6 ) and 
-N(R 5 )COCH3 t especially -NHCOCH3 groups. 

In one preferred group of compounds of formula (2b) each R 16 is a 
hydrogen atom. 

Another particularly useful group of compounds according to the invention 
has the formula (2c): 
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R 2 




wherein R 16 , g, U, L2, At 2 , Alk, R 2 t AllO, n and R 3 are as defined for 
formula (2b); 

5 and the carbon atoms at positions 6 and 7 of the naphthyridine ring are 
indicated with the appropriate numerals; 
and the salts, solvates, hydrates and N-oxides thereof. 

Each R 16 atom or group in compounds of formula (2c) may be 
10 independently selected for an atom or group -L 3 (Alk 2 ) t L 4 (R 4 ) u in which L 3 , 
Alk 2 , t, L 4 , R 4 and u are as previously defined. Particularly useful R 16 
substituents when present in compounds of formula (2c) include halogen 
atoms, especially fluorine or chlorine atoms, methyl, halomethyl, especially 
-CF3, methoxy or halomethoxy, especially -OCF3, -CN, -C02Me, -NO2, 
15 amino (-NH 2 ), substituted amino (-NR*R 6 ) and -N(R 5 )COCH 3 , especially 
-NHCOCH3 groups. 

In one preferred group of compounds of formula (2c) g is the integer 1 and 
r16 i s a methoxy group, especially a methoxy group present at the 6- 
20 position. In another preferred group of compounds of formula (2c) g is the 
integer 2 and each R 16 group is a methoxy group, especially a methoxy 
group present at the 6- and 7-positions. 

Alk in compounds of the invention is preferably: 
25 -CH- or, especially, -CH 2 CH(R)-. 
I 

CH 2 R 

R in the compounds of formulae (1), (2a), (2b) and (2c) is preferably a 
30 -CO2H group. 
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In general in compounds of formulae (1), (2a), (2b) and (2c) R 2 is 
preferably a hydrogen atom. 

5 In general in compounds of formula (2a) L 2 is preferably L 2a where L 2a is 
a -CON(R 8 )- group, especially -CONH-. 

In general in compounds of formulae (2b) and (2c) L 2 is preferably L 2a 
where L 2a is an -O- atom or -N(R 8 )- group. An especially useful -N(R 8 )- 
10 group is -NH-. 

The group Ar 2 in compounds of formulae (1), (2a), (2b) and (2c) is 
preferably an optionally substituted phenylene group. Particularly useful 
groups include optionally substituted 1 ,4-phenylene groups. 

15 

In general in compounds of formulae (1), (2a), (2b) and (2c) when n is zero 
or the integer 1 the group R 3 may especially be a hydrogen atom or an 
optionally substituted heteroaliphatic, cycloaliphatic, heterocycloaliphatic, 
aromatic or heteroaromatic group as defined herein. Particularly useful 

20 groups of this type include optionally substituted C2-6heteroalkyl, 
particularly Ci-3alkoxyCi-3alkyl, especially methoxypropyl, optionally 
substituted C3-7cycloalkyl, especially optionally substituted cyclopropyl, 
cyclobutyl, cyclopentyl, cyclopropyl or cyclohexyl, optionally substituted 
C5-7heterocycloaliphatic, especially optionally substituted pyrrolidinyl, 

25 piperidinyl or thiazolidinyl, especially optionally substituted phenyl and 
optionally substituted Cs^heteroaromatic, especially optionally substituted 
pyridyl, pyrimidinyl or triazinyl groups. Optional substituents on these 
groups include in particular R 13 atoms or groups where the group is an 
aromatic or heteroaromatic group and halogen atoms or Ci-ealkyI, 

30 especially methyl, haloCi_6alkyl, especially trifluorom ethyl, Ci.ealkoxy, 
especially methoxy, haloCi-6alkoxy, especially trifluoromethoxy or 
-(L 6 )p(Alk 5 ) q R 12 groups as described earlier where the group is a nitrogen- 
containing heterocycloaliphatic group such as a pyrrolidinyl, piperidinyl or 
thiazolidinyl group. Particularly useful -(L 6 ) p (Alk 5 ) q R 12 groups include 

35 those in which L 6 is a -CO- group. Alk 5 in these groups is preferably 
present (i.e. q is preferably an integer 1) and in particular is a -CH2- chain. 
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Compounds of this type in which R 12 is a hydrogen atom or an optionally 
substituted aromatic or heteroaromatic group, especially an optionally 
substituted phenyl, pyridyl or imidazolyl group are particularly preferred. 

5 In one preferred class of compounds of formulae (1 ), (2a), (2b) and (2c) L 1 
is present as a -N(R 8 )- group. Particularly useful -N(R 8 )- groups include 
-NH-, -N(CH 3 )-, -N(CH 2 CH 3 )- and -N(CH 2 CH 2 CH 3 )- groups. In this class 
of compounds n is preferably the integer 1 and Aik 1 is preferably an 
optionally substituted straight or branched Ci^alkylene chain. Particularly 

10 useful Alk 1 chains include -CH 2 -, -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, 
-CH(CH 3 )CH 2 - and-C(CH 3 ) 2 CH 2 -. R 3 in this class of compounds is 
preferably a hydrogen atom. 

In another preferred class of compounds of formulae (1), (2a), (2b) and 
15 (2c) L 1 is a covalent bond, n is the integer 1 and Alk 1 is an optionally 
substituted straight or branched Ci_6alkylene chain. Particularly useful 
Alk 1 chains include optionally substituted -CH 2 -, -CH 2 CH 2 -, 
-CH 2 CH 2 CH 2 - and -CH(CH 3 )CH 2 - and especially -C(CH 3 ) 2 CH 2 - chains. 
R3 in this class of compounds is preferably a hydrogen atom. A most 
20 especially useful optionally substituted Alk 1 R 3 group is -C(CH 3 ) 3 . 

In another preferred class of compounds of fomulae (1), (2a), (2b) and 
(2c), L 1 is a covalent bond, n is zero and R 3 is an optionally substituted C5- 
yheterocycloaliphatic, especially an optionally substituted piperidinyl group. 
25 A most especially useful optionally substituted piperidinyl group is an 
optionally substituted piperidin-1-yl group. 

Particularly useful compounds of the invention include: 
(S)-3-[4-(3,5-Dichloro-4iDyridylcarboxamido)phenyl]-2-(2-propylamino-3,4- 

30 dioxocyclobut-1 -enyl)amino]propanoic acid; 

(S)-3-[4-(3,5-Dichloro-4-pyridylcarboxamido)phenyl]-2-(2-t-butyl-3,4- 

dioxocyclobut-1 -enyl)amino]propanoic acid; 
(S).3^4-[(6,7-Dimethoxy-4-quinazolinyl)amino]phenyl}*2-|(2"A/ I A/- 
diethylamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 
35 (S)-3-[4-([2,6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-/V l A/-diethylamino-3,4- 
dioxocyclobut-1-enyl)amino]propanoic acid; 
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(S^^fSJ-Dimethoxy^-quinazolinyOoxylphenyll^^-A/^A/- 
diethylamino-S^-dioxocyclobut-l-enylJaminolpropanojc acid; 
(S)-3-[4-([6J-Methoxy-4-quina2olinyl]amino)phenyl]-2-[{2-A/ / /V- 
diethylarnino-3,4-dioxocyclobuM-enyl)amino]propanoic acid; 
5 (S)-3-[4-([2,6-Naphthyridin^ 

3,4-dioxocyclobut-1 -enyl)amino]propanoic acid; 

(S)_3.[4-([2,6-Naphthyrid^ 
dioxocyclobut-1 -enyl)amino]propanoic acid; 

(S)-3-[4-([2,6-Naphthyridirh1-yl]amino)phenyl]-2-{(2-piperidin-1-yl-3 l 4- 
1 0 dioxocyclobut-1 -enyl)amino]propanoic acid; 

(R)-3-{4-(3,5-Dichloro-4-pyridylcarboxamido)phenyl}-3-[(2-A/ / A/- 

diethylamino-3,4-dioxocyclobut-1 -enyl)amino]propanoic acid; 

(S)-344-([2,6-Naphthyridin-1-yl]oxy)phenyl]-2-t(2-/V,A/Hjipropylamino-3,4- 

dioxocyclobut-1 -enyl)am ino]propanoic acid; 
15 (S)-3-[4-([2,6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-A/,-ethyl-/V- 

isopropylamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

and the salts, solvates, hydrates and N-oxides thereof. 

The compounds according to the invention are generally of use in 
20 modulating cell adhesion. Thus for example when R 1 in compounds of the 
invention is an cu-integrin binding groups the compounds are of use in the 
prophylaxis and treatment of diseases or disorders involving inflammation 
in which the extravasation of leukocytes plays a role. 

25 Diseases or disorders of this type include inflammatory arthritis such as 
rheumatoid arthritis vasculitis or polydermatomyositis, multiple sclerosis, 
allograft rejection, diabetes, inflammatory dermatoses such as psoriasis or 
dermatitis, asthma and inflammatory bowel disease. 

30 In another example when R 1 is an a v-integrin binding group the 
compounds may be of use in the prophylaxis and treatment of diseases or 
disorders involving inappropriate growth or migration of cells. Particular 
diseases include inflammatory diseases, and diseases involving 
angiogenesis, bone resorption or cllular or matrix over-expression. 
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Particular uses to which these compounds of the invention may be put 
include the treatment or inhibition of tumour growth and metastasis; 
retinopathy; macular degeration psoriasis; rheumatoid arthritis; 
osteoporosis; bone resorption following or due to joint replacement, 
5 hypercalcemia or malignancy, Paget's disease, glucocorticoid treatment, 
immonilisation-induced osteopenia, hyperparathyroidism or peridontal 
disease, vascuar restenosis, atherosclerosis; inflammatory bowel disease; 

15 

and psoriasis. 

10 For the prophylaxis or treatment of disease the compounds according to 
the invention may be administered as pharmaceutical compositions, and 
20 according to a further aspect of the invention we provide a pharmaceutical 

composition which comprises a compound of formula (1 ) together with one 
or more pharmaceutical^ acceptable carriers, excipients or diluents. 

15 

25 Pharmaceutical compositions according to the invention may take a form 

suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. 



30 20 For oral administration, the pharmaceutical compositions may take the 

form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutical^ acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 

35 hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline 

25 cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 

40 may be coated by methods well known in the art. Liquid preparations for 

oral administration may take the form of, for example, solutions, syrups or 
30 suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 

45 may be prepared by conventional means with pharmaceutical^ acceptable 

additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 
35 salts, flavouring, colouring and sweetening agents as appropriate. 

50 
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Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
5 lozenges formulated in conventional manner. 

The compounds of formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 
for injection may be presented in unit dosage form, e.g. in glass ampoule 

10 or multi dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formuiatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. Alternatively, 
the active ingredient may be in powder form for constitution with a suitable 

1 5 vehicle, e.g. sterile pyrogen-free water, before use. For particle mediated 
administration the compounds of formula (1) may be coated on particles 
such as microscopic gold particles. 

In addition to the formulations described above, the compounds of formula 
20 (1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

For nasal administration or administration by inhalation, the compounds for 
25 use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
with the use of suitable propellant, e.g. dichbrodifluoromethane, trichloro- 
fluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable 
gas or mixture of gases. 

30 

The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 
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The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular condition will vary depending on the compound 
chosen, and the condition of the patient to be treated. In general, 
however, daily dosages may range from around 100ng/kgto 100mg/kg 
5 e.g. around 0.01mg/kg to 40mg/kg body weight for oral or buccal 
administration, from around 10ng/kg to 50mg/kg body weight for parenteral 
administration and around O.OSmg to around 1000mg e.g. around O.Smg 
to around 1000mg for nasal administration or administration by inhalation 
or insufflation. 

10 

The compounds of the invention may be prepared by a number of 
processes as generally described below and more specifically in the 
Examples hereinafter. In the following process description, the symbols 
At 1 , Ar 2 , Alk, R 1 , R 2 , R 3 , L 1 , L 2 , Alk 1 and n when used in the formulae 

1 5 depicted are to be understood to represent those groups described above 
in relation to formula (1 ) unless otherwise indicated. In the reactions 
described below, it may be necessary to protect reactive functional groups, 
for example hydroxy, amino, thio or carboxy groups, where these are 
desired in the final product, to avoid their unwanted participation in the 

20 reactions- Conventional protecting groups may be used in accordance 
with standard practice [see, for example, Green, T. W. in "Protective 
Groups in Organic Synthesis", John Wiley and Sons, 1991]. In some 
instances, deprotection may be the final step in the synthesis of a 
compound of formula (1) and the processes according to the invention 

25 described hereinafter are to be understood to extend to such removal of 
protecting groups. For convenience the processes described below all 
refer to a preparation of a compound of formula (1) but clearly the 
description applies equally to the preparation of compounds of formula (2). 

30 Thus according to a further aspect of the invention, a compound of formula 
(1 ) in which R is a -CO2H group may be obtained by hydrolysis of an ester 
of formula (3): 



5 



WO 00/73260 



28 



PCT/GBOO/02020 



10 



15 



25 



30 



35 



45 



50 



R 2 

Ar 1 L^Alk— N I 1 (Alk 1 )^ 3 

oA> (3) 



where Alk represents a group 

-CH 2 CH(C0 2 Ry)-, -CH=CH(C0 2 Ry)-. 



-CH- or -C- 

I II 
20 CH 2 C0 2 Ry CHC0 2 Ry 



10 



25 

40 



[where RV is an alky! group for example a Ci-6alkyl group] 



The hydrolysis may be performed using either an acid or a base 
depending on the nature of Ry, for example an organic acid such as 

15 trifiuoroacetic acid or an inorganic base such as lithium, sodium or 
potassium hydroxide optionally in an aqueous organic solvent such as an 
amide e.g. a substituted amide such as dimethylformamide, an ether e.g. a 
cyclic ether such as tetrahydrofuran or dioxane or an alcohol e.g. methanol 
at a temperature from ambient to the reflux temperature. Where desired, 

20 mixtures of such solvents may be used. 

According to a further aspect of the invention a compound of formula (1) 
may be prepared by displacement of a leaving group from a compound of 
formula (4): 



o^o (4) 

w h ere Ra j s a leaving group, with an amine R 1 R 2 NH or a salt thereof. 
Suitable leaving groups represented by R a include halogen atoms, 
30 especially chlorine and bromine atoms, or alkoxy, e.g. methoxy, ethoxy or 
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isopropoxy, aryloxy, e.g. dinitrophenyloxy. or aralkoxy, e.g. benzyloxy, 
groups. 

The reaction may be performed in an inert solvent or mixture of solvents, 
5 for example a substituted amide such as dimethylformamide, an alcohol 
such as ethanol and/or a halogenated hydrocarbon such as 
dichloromethane, at a temperature from 0°C to the reflux temperature. 
Where necessary, for example when a salt of an amine R 1 R 2 NH is used, 
an organic base such as diisopropylethylamine can be added. 



Any carboxylic acid group present in the intermediate of formula (4) or the 
amine R 1 R 2 NH may need to be protected during the displacement 
reaction, for example as an ethyl ester. The desired acid may then be 
obtained through subsequent hydrolysis, for example as particularly 
15 described above and generally described below. 

It will be appreciated that the displacement reaction may also be 
performed on a compound of formula (5): 



where R b is a leaving group as defined for R a using an intermediate 
R 3 (Alk 1 ) n L 1 H where -L 1 H is a functional group such as an amine (-NH2) 
using the reaction conditions just described. 



Where desired the displacement reaction may also be performed on an 
intermediate of formulae (4) or (5), R 1 R 2 NH or R3(Alk l ) n L 1 H which is 
linked, for example via its R 1 or R 3 group, to a solid support, such as a 
polystyrene resin. After the reaction the desired compound of formula (1 ) 
30 may be displaced from the support by any convenient method, depending 
on the original linkage chosen. 
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Intermediates of formulae (4) and (5) are either readily available or may be 
prepared from an intermediate of formula (6): 




where R a and R b are as previously defined and an amine R 1 R 2 NH or 
intermediate (R 3 (Alk 1 ) n L 1 H by displacement as just described for the 
preparation of compounds of formula (1). 

10 Intermediates of formulae R 1 R 2 NH and R 3 (Alk 1 ) n L 1 H may be obtained 
from simpler, known compounds by one or more standard synthetic 
methods employing substitution, oxidation, reduction or cleavage 
reactions. Particular substitution approaches include conventional 
alkylation, arylation, heteroarylation, acylation, thioacylation, halogenation, 

15 sulphonylation, nitration, formylation and coupling procedures. It will be 
appreciated that these methods may also be used to obtain or modify 
other compounds of formulae (1) and (2) where appropriate functional 
groups exist in these compounds. 

20 Thus compounds of the invention and intermediates thereto may be 
prepared by alkylation, arylation or heteroarylation. For example, 
compounds containing a -L 1 H or -L 2 H group (where L 1 and L 2 is each a 
linker atom or group) may be treated with a coupling agent R 3 (Alk 1 ) n X 1 or 
Ar 1 X 1 respectively in which X 1 is a leaving atom or group such as a 

25 halogen atom, e.g. a fluorine, bromine, iodine or chlorine atom or a 
sulphonyloxy group such as an alkylsulphonyloxy, e.g. 
trifluoromethylsulphonyloxy or arylsulphonyloxy, e.g. p-toluene- 
sulphonyloxy group. 

30 The reaction may be carried out in the presence of a base such as a 
carbonate, e.g. caesium or potassium carbonate, an alkoxide, e.g. 
potassium t-butoxide, or a hydride, e.g. sodium hydride, or an organic 
amine e.g. triethylamine or N,N-diisopropylethyiamine or a cyclic amine, 
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such as N-methylrnorpholine or pyridine, in a dipolar aprotic solvent such 
as an amide, e.g. a substituted amide such as dimethylformamide or an 
ether, e.g. a cyclic ether such as tetrahydrofuran. 

5 Intermediates of formula Ar 1 X 1 and R 3 (Alk 1 ) n X 1 are generally known, 
readily available compounds or may be prepared from known compounds 
by standard substitution and other synthetic procedures, for example as 
described herein. Thus for example compounds of formula Ar 1 X 1 in 
which, for example, Ar 1 represents a 2,6-naphthyridine group may be 
10 prepared from alcohols of formula Ar 1 OH by reaction with a halogenating 
agent, for example a phosphorous oxyhalide such as phosphorous 
oxychloride at an elevated temperature e.g. 110°C. 

Intermediate alcohols of formula Ar 1 OH in which, for example, Ar 1 
15 represents a 2,6-naphthyridine group may be prepared by methods well 
known to a person skilled in the art, e.g. by the method of Sakamoto.T. et 
a/[Chem. Pharm. Bull. 22, 626-633, (1985)]. 

Alternatively alkylating agents of formula Ar 1 X 1 in which, for example, Ar 1 
20 represents a 2,6-naphthyridine group may be prepared by reaction of a 
2,6-naphthyridine N-oxide or N, N'-dioxide with a halogenating agent, e.g. 
a phosphorous oxyhalide such as phosphorous oxychloride to give a 1- 
halo or 1,5-dihalo-2,6-napthyridine respectively. In the case of 1,5-dihalo- 
2,6-napthyridines each halogen atom may be substituted separately by a 
25 reagent such as HL 2 Ar 2 AlkN(R 2 )H or HL3(Alk 2 ) t L 4 (R 4 ) u by the particular 
methods just described above. 

2,6-Napthyridine N-oxides and N,N*-dioxides may be generated from the 
corresponding 2,6-napthyridines group by the general methods of 
30 synthesis of N-oxides described below or they may be synthesised by the 
methods of Numata, A et al (Synthesis, 1999, 306-31 1). 

Further alkylating agents of formula Ar 1 X 1 in which, for example, Ar 1 
represents a 2,6-naphthyridine, may be prepared by the methods of 
35 Giacomello G. et al (Tetrahedron Letters 1965, 1117-1 121), Tan, R. and 
Taurins, A. (Tetrahedron Letters 1965, 2737-2744), Ames, D. E. and 
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Dodds, W. D. (J. Chem. Soc. Perkin 1 1972, 705-710) and Alhaique, F. et 
al (Tetdrahedron Letters, 1975, 173-174). 

In a further example intermediates of formula R 1 R 2 NH may be obtained 
by reaction of a compound of formula Ar 1 L 2 H with a compound of formula 
X 1 Ar 2 AlkN(R 2 )H under the reaction conditions just described 



Compounds of formula Ar 1 L 2 H in which, for example Ar 1 represents a 2,6- 
naphthyridine and L 2 is a -N(R 8 )- group, may be prepared from substituted 
1 0 4-cyano-3-cyanomethylpyridines by the methods of Alhaique, F. et al (ibid 
and Gazz. Chim. Ital. 1975, 1*05, 1001-1009) or from 3-fomylpyridines by 
20 the methods of Molina, P. at al (Tetrahedron 1992, 48, 4601^616). 

In another example, compounds containing a -L 1 H or -L 2 H or group as 
15 defined above may be functionalised by acylation or thioacylation, for 

25 example by reaction with one of the alkylating agents just described but in 

which X1 is replaced by a -C(0)X 2 , C(S)X 2 , -N(R 8 )COX 2 or -N(R 8 )C(S)X 2 
group in which X 2 is a leaving atom or group as described for X 1 . The 
reaction may be performed in the presence of a base, such as a hydride, 

30 20 e.g. sodium hydride or an amine, e.g. triethylamine or N-methyl- 

morpholine, in a solvent such as a halogenated hydrocarbon, e.g. 
dichloromethane or carbon tetrachloride or an amide, e.g. dimethyl- 
formamide, at for example ambient temperature. Alternatively, the 

35 acylation may be carried out under the same conditions with an acid (for 

25 example one of the alkylating agents described above in which X 1 is 
replaced by a -CO2H group) in the presence of a condensing agent, for 
example a diimide such as 1-(3-dimethylaminopropyI)-3-ethylcarbodiimide 

40 or N.N'-dicyclohexylcarbodiimide, advantageously in the presence of a 

catalyst such as a N-hydroxy compound e.g. a N-hydroxytriazole such as 
30 1-hydroxybenzotriazole. Alternatively the acid may be reacted with a 
chloroformate, for example ethylchloroformate, prior to the desired 

45 acylation reaction 

In a further example compounds may be obtained by sulphonylation of a 
35 compound containing an -OH group by reaction with one of the above 
50 alkylating agents but in which X 1 is replaced by a -S(0)Hal or -S02Hal 
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group in which Hal is a halogen atom such as chlorine atom] in the 
presence of a base, for example an inorganic base such as sodium 
hydride in a solvent such as an amide, e.g. a substituted amide such as 
dimethylformamide at for example ambient temperature. 

5 

In another example, compounds containing a -UH or -L 2 H group as 
defined above may be coupled with one of the alkylation agents just 
described but in which X 1 is replaced by an -OH group in a solvent such 
as tetrahydrofuran in the presence of a phosphine, e.g. triphenylphosphine 
10 and an activator such as diethyl, diisopropyl- or dimethylazodicarboxylate. 

In a further example, ester groups -CO2R 5 , -C02Alk 3 or -CO2AHC 7 in the 
compounds may be converted to the corresponding acid [-CO2H] by acid- 
or base-catalysed hydrolysis depending on the nature of the groups R 5 , 
15 Alk 3 or Alk 7 . Acid- or base-catalysed hydrolysis may be achieved for 
example by treatment with an organic or inorganic acid, e.g. trifluoroacetic 
acid in an aqueous solvent or a mineral acid such as hydrochloric acid in a 
solvent such as dioxan or an alkali metal hydroxide, e.g. lithium hydroxide 
in an aqueous alcohol, e.g. aqueous methanol. 

20 

In a further example, -OR 5 or -OR 14 groups [where R 5 or R 14 each 
represents an alkyl group such as methyl group] in compounds of formula 
(1) may be cleaved to the corresponding alcohol -OH by reaction with 
boron tribromide in a solvent such as a halogenated hydrocarbon, e.g. 
25 dichloromethane at a low temperature, e.g. around -78°C. 

Alcohol [-OH] groups may also be obtained by hydrogenation of a 
corresponding -OCH2R 14 group (where R 14 is an aryl group) using a metal 
catalyst, for example palladium on a support such as carbon in a solvent 

30 such as ethanol in the presence of ammonium formate, cyclohexadiene or 
hydrogen, from around ambient to the reflux temperature. In another 
example, -OH groups may be generated from the corresponding ester 
[C02Alk 5 or CO2R 5 ] or aldehyde [-CHO] by reduction, using for example a 
complex metal hydride such as lithium aluminium hydride or sodium 

35 borohydride in a solvent such as methanol. 
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In another example, alcohol -OH groups in the compounds may be 
converted to a corresponding -OR 5 or -OR 14 group by coupling with a 
reagent R 5 OH or R 14 OH in a solvent such as tetrahydrofuran in the 
presence of a phosphine, e.g. triphenylphosphine and an activator such as 
5 diethyl-, diisopropyl-, or dimethylazodicarboxylate. 

Aminosulphonylamino [-NHSO2NHR 3 or -NHS02NHAr 1 ] groups in the 
compounds may be obtained, in another example, by reaction of a 
corresponding amine [-NH2] with a sulphamide R 3 NHS02NH2 or 
10 Ar 1 NHS02NH2 in the presence of an organic base such as pyridine at an 
elevated temperature, e.g. the reflux temperature. 

In another example compounds containing a -NHCSAr 1 , -CSNHAr 1 , 
-NHCSR 3 or -CSNHR 3 may be prepared by treating a corrsponding 
15 compound containing a -NHCOAr 8 , -CONHAr 1 , -NHCOR 3 or -CONHR 3 
group with a thiation reagent, such as Lawesson's Reagent, in an 
anhydrous solvent, for example a cyclic ether such as tetrahydrofuran, at 
an elevated temperature such as the reflux temperature. 

20 In a further example amine (-NH2) groups may be alkylated using a 
reductive alkylation process employing an aldehyde and a borohydride, for 
example sodium triacetoxyborohyride or sodium cyanoborohydride, in a 
solvent such as a halogenated hydrocarbon, e.g. dichloromethane, a 
ketone such as acetone, or an alcohol, e.g. ethanol, where necessary in 

25 the presence of an acid such as acetic acid at around ambient 
temperature. 

In a further example, amine [-NH2] groups in compounds of formula (1) 
may be obtained by hydrolysis from a corresponding imide by reaction with 
30 hydrazine in a solvent such as an alcohol, e.g. ethanol at ambient 
temperature. 

In another example, a nitro [-NO2] group may be reduced to an amine [- 
NH2], for example by catalytic hydrogenation using for example hydrogen 
35 in the presence of a metal catalyst, for example palladium on a support 
such as carbon in a solvent such as an ether, e.g. tetrahydrofuran or an 
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35 

alcohol e.g. methanol, or by chemical reduction using for example a metal, 
e.g. tin or iron, in the presence of an acid such as hydrochloric acid. 

Aromatic halogen substituents in the compounds may be subjected to 
5 halogen-metal exchange with a base, for example a lithium base such as 
n-butyl or t-butyl lithium, optionally at a low temperature, e.g. around 
-78°C, in a solvent such as tetrahydrofuran and then quenched with an 
electrophile to introduce a desired substituent. Thus, for example, a formyl 
group may be introduced by using dimethylformamide as the electrophile; 
10 a thiomethyl group may be introduced by using dimethyldisulphide as the 
electrophile. 



In another example, sulphur atoms in the compounds, for example when 
present in a linker group L 1 or L 2 may be oxidised to the corresponding 
15 sulphoxide or sulphone using an oxidising agent such as a peroxy acid, 
25 e.g. 3-chloroperoxybenzoic acid, in an inert solvent such as a halogenated 

hydrocarbon, e.g. dichloromethane, at around ambient temperature. 

In another example compounds of formula Ar 1 X 1 (where X 1 is a halogen 
30 20 atom such as a chlorine, bromine or iodine atom) may be converted to 

such compounds as Ar 1 C02R 20 (in which R 20 is an optionally substituted 
alkyl, aryl or heteroaryl group), A^CHO, Ar 1 CHCHR 20 , Ar 1 CCR 20 , 
Ar 1 N(R 20 )H, Ar 1 N(R 20 ) 2l for use in the synthesis of for example 
35 compounds of formula R 1 R 2 NH. using such well known and commonly 

25 used palladium mediated reaction conditions as are to be found in the 
general reference texts Encyclopedia of Reagents for Organic Synthesis, 
Editor-in Chief Paquette, L. A., John Wiley and Sons, 1995 and 
40 Comprehensive Organic Functional Group Transformations, Editors-in- 

Chief Katritzky, A. R. et a/, Pergamon, 1995. 

30 

N-oxides of compounds of formula (1) may be prepared for example by 
45 oxidation of the corresponding nitrogen base using an oxidising agent such 

as hydrogen peroxide in the presence of an acid such as acetic acid, at an 
elevated temperature, for example around 70°C to 80°C, or alternatively 
35 by reaction with a peracid such as peracetic acid in a solvent, e.g. 
5Q dichloromethane, at ambient temperature. 
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Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate base in a suitable solvent or 
mixture of solvents e.g. an organic solvent such as an ether e.g. 
5 diethylether, or an alcohol, e.g. ethanol using conventional procedures. 

Where it is desired to obtain a particular enantiomer of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolving 
10 enantiomers. 

Thus for example diastereomeric derivatives, e.g. salts, may be produced 
by reaction of a mixture of enantiomers of formula (1) e.g. a racemate, and 
an appropriate chiral compound, e.g. a chiral base. The diastereomers 
15 may then be separated by any convenient means, for example by 
crystallisation and the desired enantiomer recovered, e.g. by treatment 
with an acid in the instance where the diastereomer is a salt. 

In another resolution process a racemate of formula (1 ) may be separated 
20 using chiral High Performance Liquid Chromatography. Alternatively, if 
desired a particular enantiomer may be obtained by using an appropriate 
chiral intermediate in one of the processes described above. 

Chromatography, recrystallisation and other conventional separation 
25 procedures may also be used with intermediates or final products where it 
is desired to obtain a particular geometric isomer of the invention. 

The following Examples illustrate the invention. All temperatures are in 

°C. The following abbreviations are used: 
30 NMM - N-methylmorpholine; EtOAc - ethyl acetate; 

MeOH - methanol; BOC - butoxycarbonyl; 

DCM - dichloromethane; AcOH - acetic acid; 

DIPEA - diisopropylethylamine; EtOH - ethanol; 

Pyr - pyridine; Ar - aryl; 

35 DMSO - dimethylsulphoxide; iPr - isopropyl; 

Et20 - diethylether; Me - methyl; 
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THF - tetrahydrofuran, 
* FMOC - 9-fluorenylmethoxycarbonyl; 

obs - obscured; 

dil - dilute; 
5 Bu - butyl; 

All NMR's were obtained at 300mHz. 



DMF - N,N-dimethylformamide; 

br - broad; 

app - apparent; 

RT - room temperature; 

DIPEA - diisopropylethylamine 



10 INTERMEDIATE 1 

3S-Dichloropvridine-4-carboxvlic acid 

20 A solution of 3,5-dichloropyridine (5.00g, 33.8mmol) in THF (25ml) was 

added to a solution of LDA [generated from nBuLi (2.5M solution in 
hexanes, 14.9ml, 37.2mmo!) and diisopropylamine (4.10g, 5.7ml, 
15 40.6mmol)] in THF (25ml) at -78° under nitrogen, to give a yellow/brown 

25 slurry. The reaction was stirred for 30min at -78° then CO2 gas was 

bubbled through to give a clear brown solution that slowly gave a 
precipitate, warmed to RT over 2h, then quenched with water (20ml) and 
partitioned between Et20 (100ml) and 1M NaOH (100ml). The aqueous 

30 20 layer was separated and acidified to pH1 with concentrated hydrochloric 

acid and then extracted with 10% MeOH in DCM (100ml x 3). The 
combined organic layers were dried (MgSC>4) and the solvent removed 
under vacuum to give a brown solid that was recrystallised from ethanol 

35 and dried under vacuum to give the title compound as pinkish crystals 

25 (2.63g,41%). SH (DMSO-d6) 8.74 (2H, s). 8C (DMSO-d^) 163.5, 147.7, 
141.0, 126.7 



INTERMEDIATE 2 

Ethvl rSW3-/4-r3.5>d ichloropvrid-4-vlcarboxamido1phenvh-24t> 

30 butpxycartonyl aminp)propipnflte 

A slurry of the compound of Intermediate 1 (51. 2g, 0.267mol) in DCM 
(195ml) and thionyl chloride (195ml, 2.67mol) was treated with DMF (5 
drops) and heated to reflux for 4h. The reaction was concentrated in 
vacuo and azeotroped with toluene (2 x 50ml) to give a yellow solid which 
35 was used without further purification. A solution of ethyl-(S)-3-(4- 
aminophenyl)-2-(t-butoxycarbonyl amino)propionate (130.8g, 0.425mol) in 
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DCM (800ml) was cooled to 0° and treated with NMM (56.0ml, 0.51 mol), 
stirred 5 minutes and then a solution of the acid chloride (98.3g, 0.468mol) 
in DCM (200ml) was added dropwise keeping the reaction temperature 
below 5°. The reaction was stirred for 1h, quenched with NaHC03 
5 solution (500ml), the organic layer separated, washed with NaHC03 
solution (500ml), 10% citric acid solution (500ml) and NaHC03 solution 
(500ml), dried (MgS04)and concentrated in vacuo to give a yellow solid 
which was recrystallised (EtOAc/hexane) to give the title compound. 140g, 
69%. 6H (DMSO d*), 8.8 (2H, s), 7.55 (2H, d, J 8.5Hz), 7.23 (2H, d, A 
10 8.5Hz), 4.0 (3H, m) f 3.4 (2H, b s), 2.9 (1H, m), 2.8 (1H, m), 1.3 (9H, s), 
1.25 (3H, t). m/z (ES + , 70V) 504 (MNa+). 

INTERMEDIATE 3 

ethui fSi-3-r4-(3.5-dichioropvrid-4-vl carboxamidotphenvn-2-amino 
15 propionate hydrochloride 

A solution of the compound of Intermediate 2 (70g, 0.146mol) in EtOAc 
(500ml) and 1,4-dioxan (50ml) was treated with a solution of HCI in EtOAc 
(500ml, 3M), and stirred at RT for 4h. The reaction was concentrated in 
vacuo to give a yellow solid which was triturated with Et20 then 
20 recrystallised (EtOAc/hexane) to give the title compound (59.3g, 92%). 
8H (DMSO tfi), 11.10 (1H, s), 8.70 (2H, s), 7.55 (2H, d, A 8.4Hz), 7.25 
(2H, d, A 8.4Hz), 4.10 (3H, m), 3.10 (2H, m), 1.10 (3H, m). m/z (ES + , 70V) 
382 (MH + ). 

25 INTERMEDIATE 4 

3-rtert-Butvn-4-iso prppoxv>3-cvclobutene-1.2-dione 

tert-Butyl lithium (2.29ml of a 1.7M solution in pentane, 3.9mmol) was 
added to a solution of 3,4-diisopropoxy-3-cyclobutene-1,2-dione (594mg, 
3mmol) in THF (30ml) at -78°C. After 5h trifluoroactic anhydride (636^1, 

30 4.5mmol) was added and stirring continued at -78°C for 30mia The cold 
mixture was poured into NH^Kaq), extraced with EtOAc, dried (Na2S04) 
and evaporated in vacuo. Column chromatography (S1O2; EtOAc/hexane, 
15:85) gave the title compound as a mobile yellow oil (408mg, 69%). 8H 
(CDCI3) 5.43 (1 H, sept, A 6.2Hz), 1 .45 (6H, d, A 6.2Hz) and 1 .33 (9H, s); 

35 m/Z(ES+,70V)197(M + +H). 
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INTERMEDIATE S 
l-rhloro-26-naDhthvridine 

1-Hydroxy-2 t 6-naphthyridine (550mg) [prepared according to the method 
of Sakamoto, T. et a/ Chem. Pharm. Bull. 23. 626, (1985)} was stirred with 
5 phosphorous oxychloride (10ml) at 110° for 5h. The volatiles were 
removed in vacuo and the residue treated carefully with ice. After diluting 
with water (to -25ml), solid NaHC03 was added to neutralise and the 
product extracted into EtOAc (2 x 80ml). The combined organic extracts 
were dried (MgS04). evaporated in vacuo, and the crude product 
10 chromatographed (Si0 2 ; EtOAc) affording the title compound as a slightly 
yellow solid (420mg, 68%). 6H (CDCI3) 9 35 (1H, s), 8.82 (1H, d, J 
5.9Hz), 8.48 (1 H, d, J 5.6Hz), 8.00 (1 H, d, J 5.9Hz). 7.74 (1 H, d, A 5,6Hz); 
m lZ (ES + t 70V) 165 and 167 (MH + ). 

15 INTERMEDIATE 6 

Fthyl rg^344>fr2.6-naphthyridin-1-yhamino lDhenvll-2-rA/-ff-butvloxv 
carbonvh aminolDropanoate 

Ethyl (S)-3-(4-aminophenyl)-2-[N-(t-butyloxycarbonyl)amino]propanoate 
(600mg, 1.95mmol) f Intermediate 5 (350mg, 2.13mmol) and DIPEA 

20 (276mg, 372jil, 2.13mmol) in 2-ethoxyethanol (0.5ml) were stirred at 130° 
under N2 for several hours. The reaction was partitioned between EtOAc 
(70ml) and saturated aqueous NaHC03 (30ml). The phases were 
separated and the aqueous layer re-extracted with EtOAc (3 x 30ml). The 
combined organic extracts were washed with brine (10ml), dried (MgSOij) 

25 and evaporated in vacuo to afford a dark oil. Chromatography (Si02i 3% 
MeOH/DCM) gave the title compound as a dull orange foam (360mg, 
42%). 5H (CDCI3) 9.19 (1H, s), 8.67 (1H, d, J 5.9Hz), 8.24 (1H, d, J 
5.8Hz), 7.66 (1H, d, J 5.9Hz), 7.65 (2H, d, A 8.5Hz), 7.21 (1H, d, A 5.8Hz), 
7.16 (2H t d. A 8.5Hz), 7.15 (1H, obscured s), 5.05-4.97 (1H, m), 4.60-4.51 

30 (1H, m),4.19(2H, q, A 7.1Hz), 3.17-3.04 (2H, m), 1.44 (9H,s), 1.27 (3H, t, 
i 7.1 Hz); m/z (ES + , 70V) 459 (MNa + ), 437 (MH + ). 

INTERMEDIATE 7 

Fthvl rS)-2.amino.3^4>p2.6>naDhthvridin-1-vhaminolDhenvl^ 
35 propanoate 
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Intermediate 6 (360mg) was treated with a solution of trifluoroacetic acid 
(10ml) and DCM (10ml) and stirred at RT for 2h. The volatiles were 
removed in vacuo and the residue was partitioned between EtOAc (80ml) 
and saturated aqueous NaHCC>3 (30ml). The phases were separated and 

5 the aqueous layer re-extracted with EtOAc (3 x 30ml). The combined 
organic extracts were dried (MgS04) and evaporated in vacuo to afford the 
title compound as a dark orange viscous oil (280mg, 100%). 8H (CDCI 3 ) 
9.18 (1H, s), 8.66 (1H, d, i 5.9Hz), 8.22 (1H, d, J 5.8Hz), 7.67 (1H, d, J 
5.9Hz), 7.64 (2H, d, J 8.5Hz), 7.22 (2H, d, J 8.5Hz), 7.19 (1H, d, J 5.8Hz), 

10 4.20 (2H, q, i 7.1Hz), 3.73 (1H, dd, J 7.9, 5.1Hz), 3.10 (1H, dd, J 13.6, 
5.2Hz), 2.87 (1H, dd, J 13.6, 7.9Hz), 1.70 (3H, br s), 1.28 (3H, t, 7.1Hz); 
m/z(ES + , 70V) 337 (MH + ). 



INTFRMEPIATE S 
15 Methvl fSU2Wf-butvloxvcarbonvlamino)-3-f4-f2.6-naphthvridin-1> 

25 ylnxyiphenvllpropanpate 

To A/-(f-butyloxycarbonyl) tyrosine methyl ester (1.42g, 4.82mmol) in dry 
DMF (10ml) was added 1-chloro-2,6 naphthyridine (0.79g, 4.82mmol) and 
cesium carbonate (1.65g f 5.06 mmol) and the reaction stirred at 45° under 

30 20 N2 for 2 days. The DMF was evaporated, EtOAc added and washed (3x) 

with water, dried (MgSCU), and evaporated in vacuo. The residue was 
chromatographed (S1O2; 40 to 100% EtOAc/isohexane) to afford the JJlie 
compound as white foam (1.61g, 82%). 8 H (CDCI3) 9.29 (1H, s), 8.76 (1H, 

35 d, J 5.74HZ), 8.17 (1H, d, J 5.74Hz), 8.11 (1H, d, A 5.8Hz), 7.43 (1H, d, J 

25 5.8Hz), 7.22-7.18 (3H, m), 5.03 (1H, br s), 4.61 (1H, br s), 3.75 (3H, s), 
3.15-3.05 (2H, m), 1.44 (9H, s); m/z (ES + , 70V) MH* 424. 



40 INTERMEDIATE 9 

EthvMSW2-f/V-NbuWloxvcarbonvlaminoV3-r4>(iSQquinQlin-1-vlaminP) 
30 phenyllprgpangate 

A stirred solution of ethyl (S)-3-(4-aminophenyl)-2-(A/-f-butyloxycarbonyl- 
45 amino)propanoate (3.08g, lO.Ommol), 1-chloroisoquinoline (1.80g, 

11.0mmol) and N,N-diisopropylethylamine (1.42g, 1.91ml, 11.0mmol) in 2- 
ethoxyethanol (1.0ml) was heated at 130° for 4h. The volatiles were 
35 removed in vacuo and the residue partitioned between EtOAc (120ml) and 
saturated aqueous NaHC03 (50ml). The phases were separated and the 
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aqueous layer was re-extracted with EtOAc (80ml). The combined organic 
extracts were washed with brine (30ml), dried (MgS04) and evaporated in 
vacuo. The obtained dark oil was chromatographed (silica; 20-30% 
EtOAc/hexane) to afford the title compound as a pink oil which crystallised 
5 on standing (2.78g, 64%). 6H (CDCI 3 ) 8.07 (1H t d, J 5.8Hz), 7.93 (1H, d, J 
8.4Hz), 7.72 (1H, d, J 7.5Hz), 7.63 (1H, d), 7.61 (2H, d, J 8.5Hz), 7.51 (1H, 
t, J 6.8Hz), 7.23 (1H, br s), 7.10 (1 H, br s), 7.10 (2H, d, J 6.8Hz), 5.02 (1H, 
br d, A 8.0Hz), 4.54 (1H, br m), 4.16 (2H, t, J 7.1Hz), 3.05 (2H, br m), 1.43 
(9H, s), 1.25 (3H, t, J 7.1Hz); mlZ (ES + , 60V) 436 (MH + ). 

10 

INTERMEDIATE 10 

(SyEthvl 2-amino-3-[4-(isoquinolin>1>vlaminotohenvl1propanoate 

A stirred solution of Intermediate 9 (2.70g) in EtOAc (100ml) was treated 
with HCI gas until turbidity and precipitation was seen to occur. The 

15 reaction mixture was stirred at ambient temperatue for an addition 0.5h. 
The reaction was purged with nitrogen then diluted with EtOAc (50ml) and 
saturated aqueous NaHC03 (50ml). Sufficient solid NaHC03 was added 
to ensure full neutrality. The phases were separated and the aqueous 
layer re-extracted with EtOAc (2 x 40ml). The combined organic extracts 

20 were washed with brine (20ml), dried (MgS04) and evaporated in vacuo 
to afford the title compound as a light orange oil (2.1 0g, q). 6H (CDCI3) 
8.06 (1H, d, J 5.8Hz), 7.91 (1H, d, J 8.3Hz), 7.71 (1H f d, J 7.9Hz), 7.63 
(1H, obs. signal), 7.59 (2H, d, J 8.4Hz), 7.49 (1H, app.t, J 7.8HZ), 7.25 
(1H, br s), 7.15 (1H, d, i 8.4Hz), 7.09 (1H, d, J 5.8Hz), 4.17 (2H, q, J 

25 7.2Hz), 3.68 (1H, dd, J 7.7, 5.1Hz), 3.06 (1H, dd, i 14.6, 5.1Hz), 2.81 (1H, 
dd, J 13.6, 7.9Hz), 1.58 (2H, br s), 1.26 (3H, t, J. 7.0Hz); mte (ES+ 60V) 
435.9 (MH 4 *). 

INTERMEDIATE 11 

30 Ethvl fa-3^4-[ftert-Butoxvcarbonvham inolphenvlV2-propenoate 

Ethyl 4-aminocinnamate (2.5g, 13.1mmol) was dissolved in THF (25ml) 
and treated with di-tert-butyl dicarbonate (3.14g). The solution was 
refluxed for 16h and then allowed to cool. The product was extracted into 
EtOAc and washed with water and brine, dried over Na2S04, filtered and 
35 the solvent removed. The crude product was purified by column 
chromatography (Si02; EtOAc/hexane 1:9) to give the title compound 



WO 00/73260 



PCT/GBOO/02020 



(2.82g, 74%) as a white solid. 8H (CDCI3) 7.62 (1H, d, A 16.0Hz), 7.45 (2H, 
d, A 8.8Hz), 7.38 (2H, d, J 8.8Hz), 6.63 (1H, br s), 6.33 (1H. d, J 16.0Hz), 
4.12 (2H, q, A 7.1Hz), 1.52 (9H, s), 1.25 (3H, t, J 7.1Hz). m/z (ES+, 70V) 
314(MNa+). 

5 

INTERMEDIATE 12 

Et hyl f3S>-3-/4^tert-B utoxvcarbonvl^minolDhenvlV3^-benzvirf1/?>- 
1-phenvlethvM aminolpropanoate 

Intermediate 11 (1.0g, 3.44mmol) was dissolved in THF (25ml), treated 
10 with sodium hydride and left to stir for 20 mins. (R)-(+)-N-Benzyl- 
(methylbenzylamine (1.44ml) in THF (25ml) at 0° was treated with n- 
butyllithium (2.75ml, 2.5M in hexanes) and the purple solution left to stir for 
20 mins then cooled to -78° and the ester anion added slowly. The 
reaction mixture was stirred at -78C for 4h then quenched with ammonium 
15 chloride solution, extracted into EtOAc, washed with water and brine, dried 
(Na 2 S04), filtered and the solvent removed. The crude product was 
purified by column chromatography (Si02; CH2CI2) to give the title 
compound (1.14g, 66%) as a white solid. 5H (CDCI3) 7.42-7.17 (14H, m), 
6.45 (1H, br s), 4.39 (1H, dd, J 9.4, 5.5Hz), 3.99 (1H, q, J 6.9Hz), 3.93 (2H, 
20 qd, A 7.1, 2.4Hz), 3.72 (1H, d, A 14.7Hz), 3.64 (1H, d, J 14.7Hz), 2.63 (1H, 
dd, A 14.7, 5.5Hz), 2.52 (1H, dd, J 14.7, 9.5Hz), 1.52 (9H, s), 1.22 (3H, d, A 
6.9Hz), 1.06 (3H, t, J 7.1Hz). m/z (ES + , 70V) 503 (MH+). 



35 INTERMEDIATE 13 

25 Ethvl f3S^-3-amino>3-f4>nt ert-Butoxvcarbonvhamino1>phenvl- 
propanoate 

Intermediate 12 (312mg, 0.62mmol) in MeOH (5ml) was treated with 
40 formic acid (0.1ml) and 10% palladium on carbon. The reaction mixture 

was heated to reflux for 30 mins then cooled, filtered through celite™ and 
30 the solvent removed to give the title compound (195mg, 100%) as an oil. 

8H (CDCI3) 8.05 (2H, br s), 7.28 (2H, d, J 8.5Hz), 7.21 (2H, d, J 8.5Hz,) f 
45 6.92 (1H, brs), 4.48 (1H, dd, A 8.4, 5.7Hz), 4.05 (2H, q, J 7.1Hz), 3.6 (1H, 

dd, A 17-2, 8.4Hz), 2.79 (1H, dd, A 17.2, 5.7Hz), 1.44 (9H, s), 1.14 (3H, t, A 

7.1Hz). m/z (ES + , 70V) 331 (MNa + ). 

35 

50 INTERMEDIATE 14 
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MPthvl rf?W3-ntert>ButQxvcarbonvhamino1-344-hvdrQXVPhenvn> 

prppanoate 

Methyl (3R)-(3-amino)-3-(4-hydroxyphenyl)propanoate [S. G. Davies and 
0. Ichihara, Tetrahedron Asymmetry, (1991), 2, 183-186] (346mg, 

5 1 78mmol) was dissolved in dioxan (5ml) and sodium bicarbonate solution 
(5ml) added. The solution was treated with di-tert-butyl dicarbonate 
(407mg, 1.86mmol) and stirred vigorously for 16h. The solution was 
diluted with water, and the product extracted into EtOAc (x2), washed with 
water, brine, dried (Na 2 S0 4 ), filtered and the solvent removed. The 

10 product was purified by column chromatography (Si02; ChteCk/MeOH 
20:1) to give the title compound (211mg, 42%) as a white solid. 8H 
(CDCI 3 ) 7.06 (2H, d, J 8.6Hz), 6.66 (2H, d, J 8.6Hz), 5.48 (1H, br), 4.98 
(2H, br m), 3.61 (3H, s), 2.78 (2H, m), 1.42 (9H, s). m/z (ES + , 70V) 318 
(MNa + ). 

15 

INTERMEDIATE 15 

MlPthvl r3m.3.rftert-ButQxv Ca rbonvl^m»nQl-3-l4>rf6.7-dimethQXV-4- 
quinazolinvhoxvl phenyttpropanoate 

Intermediate 14 (420mg, 1.42mmol) in DMF (4ml) was treated with 
20 potassium carbonate (394mg) and 4-chloro-6,7-dimethoxyquinazoline 
(320mg). The solution was stirred for 48h and then water (20ml) was 
added. The mixture was extracted with EtOAc (x 2), washed with water (x 
3), brine, dried (Na2S04), filtered and the solvent removed to give the title 
compound (657mg, 96%) as a foamy yellow solid. 8H (DMSO d^) 8.53 (1H, 
25 s), 7.53 (1H, s), 7.40 (2H, d, J 8.6Hz), 7.37 (1H, s), 7.24 (2H, d, J 8.6Hz), 
4.96 (1H, m, CH), 3.98 (3H, s), 3.95 (3H, s), 3.57 (3H, s), 2.77 (2H, m), 
1.36 (9H, s). m/z (ES + , 70V) 484 (MH + ). 

INTERMEDIATE 1? 

30 Methvlf3m-3-Amino>344-p 6.7-dimethoxv^numazolinvhoxv1 
phenvftpropanoate 

Intermediate 15 (650mg, 1.35mmol) was dissolved in EtOAc (10ml) and 
HCI gas was bubbled through. The reaction mixture was stirred for 2h and 
the solvent removed to give the title compound (589mg, 100%) as an oil. 
35 6H (DMSO <fi) 8.66 (1H, s), 7.65 (2H, d, J 8.7Hz), 7.58 (1H, s), 7.44 (1H, 
s), 7.39 (2H, d, J 8.7Hz), 3.99 (3H, s), 3.97 (3H, s), 3.58 (3H, s), 3.22 (1H, 
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del, J 16.3, 6.1Hz), 3.05 (1H, dd, i 16.3, 8.5Hz). m/z (ES + , 70V) 384 
(MH+). 

INTERMEDIATE 17 
5 Methvl (S)-344-rf3> P henvl-1-auinazotmvMaminol>phenvlVr2Wtert> 
butoxvcarbonvnaminoVDropanoate 

Methyl (2SH2-(tert-butoxycarbonyi)amino]-3-(4-aminophenyl)propanoate 
(500mg, 1.7mmo!) and 4-chloro-2-phenylquinazoline (408mg) were 
dissolved in 2-ethoxyethanol (5ml) with Hunigs base (0.6ml) and the 

10 solution heated at 120°C for 16h. The solution was cooled and 
concentrated. The residue was purified by column chromatography (Si02; 
CH2Cl2/MeOH 25:1 ) to give the title compound (682mg, 81%) as a brown 
foamy solid. 5H (CDCI 3 ) 8.56 (2H, dd, J 7.5, 3.7Hz), 8.10 (1H, m), 7.95 
(1H, m), 7.88 (2H, d, J 8.5Hz), 7.80 (1H, m), 7.70 (1H, m), 7.50 (3H, m), 

15 7.23 (2H, d, J. 8.5Hz), 5.05 (1H, m), 4.65 (1H, m), 3.72 (3H, s), 3.49 (1H, 
m), 3.15 (2H, m), 1.45 (9H, s). m/z (ES + , 70V) 499 (MH + ). 

INTERMEDIATE 18 

Methvl fS^2>Amino-3-l4-rf3-Dhenvl-1-auinazolinvhaminolphenvl) 

20 piaaanflats 

Intermediate 17 (678mg, 1.36mmol) in EtOAc (30ml) was saturated with 
HCI gas and stirred for 45 mins. The brown precipitate was filtered off and 
dried to give the title compound (518mg, 96%) as a brown foamy solid. 5H 
(DMSOd 6 )9.12(1H, d, J 8.6Hz), 8.83 (2H, m), 8.50 (1H, d, J 8.1Hz), 8.44 
25 (2H, d, J 7.1Hz), 8.14 (1H, d, J 8.1 Hz), 8.10 (1H, t, A 8.1Hz), 7.84 (2H, d, J 
8.6Hz), 7.70 (1H, d, J 7.1 Hz), 7.63 (2H, t, J 7.1 Hz), 7.40 (2H, d, J 8.5Hz), 
3.70 (3H, s), 3.67 (1H, m), 3.30 (1H, dd, i 14.0, 5.5Hz), 3.18 (1H, dd, J 
14.0, 7.4Hz). m/z (ES + , 70V) 399 (MH + ). 

30 INTERMEDIATE 19 

Ethvlfffl-3-Amino-3>r4-ftert-buto xvcarbonvnaminophenvn 

prppanQate 

Ethyl (3R)-3-(Benzyl[(1S)-1-phenylethyl]amino}-3-[4-(tert-butoxycarbonyl) 
amino phenyl]propanoate (1.1 8g, 2.35mmol) was dissolved in MeOH 
35 (10ml) and formic acid (1ml) and 10% palladium on carbon added and the 
mixture refluxed for 2h. The reaction mixture was cooled, filtered through 
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Celite® and concentrated to give the crude title compound which was used 
immediately in the next reaction. 5H (CDCI 3 ) 7.34 (2H, d, J 8.1Hz), 7.27 
(2H t d, J 8.1Hz), 7.10 (1H, br s), 4.59 (1H, m), 4.11 (2H, q, J 7.1Hz), 3.14 
(1H, dd, i 16.8, 7.9Hz), 2.86 (1H, dd, 1 16.8, 12.0Hz), 1.20 (3H, t, J 
5 7.1Hz). 



INTERMEDIATE 2Q 
15 ethyl fff)-3-aming-3-f4'amin^phgnvHprppanoate 

Intermediate 19 was dissolved in EtOAc (25ml) and the solution saturated 
10 with HCI gas. The solution was stirred at RT for 90 mins whilst a white 

precipitate formed. The solid was filtered and dried to give the Ijllg 
20 compound (570mg, 88% over 2 steps) as a white solid. 8H (DMSO d6) 

8.79 (2H, br s), 7.63 (2H, d, J 8.4Hz), 7.36 (2H, d, A 8.4Hz, 4.58 (1H, m), 

3.98 (2H, q, J 7.1Hz), 3.19 (1H, dd, J 16.3, 5.6Hz), 2.99 (1H, dd, J 16.3, 
15 9.1Hz), 1.08 (3H, t, J 7.1Hz). m/z (ES + , 70V) 192 (M-IMH3). 

25 

INTERMEDIATE 21 

Ethvl fff^-3-f4-Aminoph e nvlU3-ft e rt>butoxvcarbonvlamino) 
propanoate 

30 20 Intermediate 20 (550mg, 1.96mmol) was dissolved in dioxan (10ml) and 

treated with sodium bicarbonate (1g), water (10ml) and di-tert-butyl 
dicarbonate (427mg) and the mixture stirred for 16 h. Water was added 
and the product extracted into EtOAc (x 2), washed with brine, dried 

35 (Na2S04), filtered and concentrated to give the crude product which was 

25 purified by column chromatography (Si02i CH2Cl2/MeOH 20:1 ) to give the 
title compound (296mg, 49%) as an oil. 6H (CDCI3) 7.07 (2H, d, J 8.3Hz). 
6.64 (2H, d, J 8.3Hz), 5.28 (1 H, br s), 4.99 (1 H, m), 4.05 (2H, q, J 7.1 Hz), 

4 o 2.82 (1H, dd, J 15.1, 6.5Hz). 2.73 (1H, dd, J 15.1, 6.5Hz), 1.42 (9H, s), 

1.17 (3H, t, J 7.1Hz). m/z (ES + , 70V) 331 (MNa + ). 

30 

INITEMEDIATE 22 

45 Ethvl f3/?^raert-Butoxvcarbonvlamino^V3>r4.(2.6-naphthvridin>1> 

ylaminptohenYlprepariQate 

Intermediate 21 (250mg, 0.81mmol) in 2-ethoxyethanol (2ml) was treated 
35 with 1-chloro-2,6-naphthyridine (134mg) and heated at 120° for 15mins, 
50 then 100°C for 1h, then cooled and concentrated. The residue was 
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extracted into EtOAc (x 3), washed with sodium bicarbonate solution, 
brine, dried (Na2S04), filtered and concentrated to give the crude product. 
The products were purified by column chromatography (S1O2; 
CH 2 CI 2 /MeOH 50:1-20:1-10:1) to give the deprotected compound (106mg, 

5 30%) as a brown gum and the title compound (98mg, 36%) as a yellow 
gum. 6H (CDCI3) 9.18 (1H, s), 8.66 (1H, d, J 5.9Hz), 8.20 (1H, d, J 5.8Hz), 
773 (1H, d, A 5.9Hz), 7.65 (2H, d, A 8.5Hz), 7.30 (2H, d, J 8.5Hz), 7.19 
(1H, d, A 5.8Hz), 5.47 (1H, m), 5.08 (1H, m), 4.09 (2H, q, A 7.1Hz), 2.83 
(2H, t, A 6.4Hz), 1.44 (9H, s), 1.20 (3H, t, J 7.1Hz). m/z (ES + , 70V) 437 

10 (MH + ). 

INTFRMEPIATE 23 

Fth V lf/?U3-Amino-3-r4 .r2 6>na P hthvririin-1-vlamino)Phenvl 

prppanoate 

15 Intermediate 22 (100mg, 1mmol) was dissolved in EtOAc (5ml) and 
saturated with HCI gas. The reaction mixture was stirred to give a 
precipitate which was filtered and dried to give the title compound which 
was combined with the material isolated from the previous reaction. 6H 
(CDCI3) 9.18 (1H, s), 8.65 (1H, d, A 5.9Hz), 7.65 (2H, d, J 8.5Hz,), 7.37 

20 (2H, d, A 8.5Hz), 7.19 (1H, d, A 5.7Hz), 4.44 (1 H, t, A 6.8Hz), 4.15 (2H, q, A 
7.1Hz), 2.68 (2H, d, J 6.8Hz), 1.25 (3H r t, J 7.1 Hz). 

INTERMEDIATE 24 

A/.BQC-0>f2>Pvrimidinvn-.L>tvr^ Rine methvl ester 

25 A solution of W-BOC-L-tyrosine methyl ester (3.0g, 10.2mmol) in DMF 
(5ml) was added to a suspension of NaH (60% in oil, 1 1 .2mmol, 447mg) in 
DMF (10ml). After 10 min, a solution of 2-chloropyrimidine (11.2mmol, 
1.28g) in DMF (3ml) was added and the mxiture stirred overnight. The 
reaction was quenched with water, diluted EtOAc and washed with water 

30 and brine. The EtOAc layer was dried (Na2S04) and concentrated in 
vacuo. Purification by column chromatography [Si02, EtOAcyhexane,1:1) 
gave the title compound. 6H (DMSO ds) 8.62 (2H, d, J 4.8Hz), 7.37 (1H, 
d, A 8.1Hz), 7.28 (2H, d, A 8.4Hz), 7.24 (1H, t, A 4.8Hz), 7.09 (2H, d, J 
8.4Hz), 4.18 (1H, m), 3.01 (1H, dd, A 13.8, 4.6Hz), 1.33 (9H, s). 

35 

INTERMEDIATE 25 
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O-l 2-Pvrimidinvh-L>tyrosine methvl ester hydrochloride 
Removal of BOC group from Intermediate 24 (HCI/EtOAc) gave the lil!§ 
compound as a white solid. 5H (DMSO d 6 ) 8.69 (3H, m), 8.63 (2H, d, i 
4.9Hz), 7.31-7.25 (3H, m), 7.15 (2H, d, J 8.6Hz) f 4.30 (1H, m), 3.69 (3H, 
5 s), 3.19 (1 H, dd, J 14.5, 6.4Hz), 3.12 (1 H, dd f J 14.3, 7.2Hz). 



INTERMEDIATE 26 

15 A/ BOC-Q-<3.5-Dichlorois oniGOtinovlM -tyrosine methvl ester 

A solution of N-BOC-L-tyrosine methyl ester (2.95g, 10mmol) in THF 
10 (10ml) was added to a suspension of NaH (60% in oil, 1 1rnmol, 440mg) in 

THF (30ml) at 0°. After 10min, a solution of 3,5-dichloroisonicotinoyl 
20 chloride (11mml, 2.32g) in THF (10ml) was added and the mixture stirred 

at RT for 4h. NH4CI (aq) was added and the mixture extracted with DCM. 

The DCM extracts were dried (Na2S04) and concentrated in vacuo. 
15 Recrystallisation (EtOAc/hexane) gave the title compound as white 
25 crystals (3.61g, 77%). 5H (DMSO d 6 ) 8.89 (2H, s), 7.39 (2H, d, J 8.5Hz), 

7.32 (1H, d, J 8.2Hz), 7.23 (2H, d t J 8.5Hz), 4.21 (1H, m), 3.62 (3H, s), 

3.05 (1H, dd, J 13.8, 4.9Hz), 2.89 (1H, dd, J 13.8, 10.5Hz), 1.31 (9H). mfe 

(ES + . 70V)41O(M + +Na). 

30 20 

INTERMEDIATE 27 

n.(3 S-Dichloroisonicotinovn-L4vrosine methvl ester hydrochloride 
Intermediate 26 (3.61g) in EtOAc (150ml) was treated with HCI/EtOAc 
35 (3m, 50ml). The white precipitate produced was filtered off and dried to 

25 give the title compound as a white solid (1 .93g). 6H (DMSO d 6 ) 8.90 (2H, 
s), 8.74 (3H, br), 7.42 (2H, d, J 8.5Hz), 7.28 (2H, d, J 8.6Hz), 4.31 (1H, m), 
3.67 (3H, s), 3.25 (1H, dd, J 14.2, 6.0Hz), 3.17 (1H, dd, J 14.1, 7.2Hz). mte 
(ES + , 70V) 369 (MH + ). 



40 



45 



50 



30 INTERMEDIATE 28 

3-ButvM-methoxv-3-cvclobutene-1.2-dione 

n-BuLi (8.13ml of a 1.6M solution in hexane, 13mmol) was added slowly to 
a solution of 3,4-dimethoxy-3-cyclobutene-1,2-dione (1.42g, 10mmol) in 
THF (100ml) at -78°. After 2h, trifluoroacetic anhydride (2.12ml, 15mmol) 
35 was added. After a further 30min the cold solution was poured into 
NH 4 CI(aq) (100ml) and EtOAc (100ml) and stirred well. The aqueous 
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layer was extracted with EtOAc. The organic extracts were washed with 
brine, dried (Na2SC>4) and concentrated in vacuo. Column 
chromatography (Si02, EtOAc/hexane, 30:70) gave the title compound as 
a yellow oil (803mg, 48%). 8H (CDCb) 4.42 (3H, s), 2.60 (2H, t, J 7.6Hz), 
5 1.71-1.61 (2H, m), 1.44-1.32 (2H, m), 0.94 (3H, t, 1 7.3Hz). m/Z (ES + , 
70V) 169 (MH + ). 

INTERMEDIATE 29 

Mftthvl fZ)-2^tert-but Qxvcarfaonvhamino1-3-(3-methOXV-4- 
10 mtrophenvn-2-propenoate 

Activated manganese IV oxide (26g) was added to a mixture of 3-methoxy- 
4-nitrobenzylalcohol (5.26g, 28.7mmol), A/-(t-Buty1oxycarbonyl)<t- 
(diethylphosphono)glycine methylester (described in W099/47547) (8.91g, 
27.4mmol) and DBU (4.29ml, 28.7mmol) in DCM (150ml) at 0°. The 

15 mixture was stirred at RT overnight then filtered. The filtrate was washed 
with dil. HCI, dried (Na 2 S04) and evaporated in vacuo. Recrystallisation 
from MeOH gave the title compound as pale brown crystals (4.6g). 8H 
(DMSO d 6 ) 8.94 (1H, br s), 7.91 (1H, d, J 8.4Hz), 7.56 (1H, d, i 1.5Hz), 
7.36 (1H, dd, J 8.5, 1.3Hz), 7.12 (1H, br s), 3.92 (3H, s), 3.75 (3H, s), 1.37 

20 (9H, s). mfZ (ES + , 70V) 375 (M + +Na). 

INTERMEDIATE 3Q 

Methyl 3^4.amino.3-methoxvphenvn>2-nfert-butoxvcarbPnvl)aminQl- 

2-propanoate 

25 A mixture of Intermediate 29 (2.30g, 6.53mmol) and palladium on charcoal 
(10% Pd on carbon, 230mg) in MeOH (65ml) was stirred under a hydrogen 
atmosphere at RT overnight. The catalyst was filtered off and the filtrate 
concentrated in vacuo. Recrystallisation (Et20/hexane) gave the Ms 
compound as dark pink needles (1.62g, 77%). 8H (DMSO d 6 ) 7.12 (1H, 

30 d, J 7.9Hz), 6.65 (1H, s), 6.51 (2H, s), 4.52 (1H, s), 4.49 (1H, s), 4.07 (1H. 
m), 3.72 (3H, s), 3.59 (3H, s), 2.81 (1H, dd, J 13.7, 5.4Hz), 2.69 (1H, dd, J 
13.1, 9.5Hz), 1.32 (9H, s). mil (ES + , 70V) 347 (MNa*). 

INTERMEDIATE 31 

35 Methvi 344-n6.7-d»methoxv -4-quinazolinvnamtno1-3-methQXVPhenvlV 

2-p^butoxvcarbonvnaminolpropanoate 



WO 00/73260 



PCT/GBOO/02020 



49 

A mixture of Intermediate 30 (486mg, 1.5mmol), 4-chloro-6,7-dimethoxy 
quinazoline (337mg, ISmmol) and diisopropylethylamine (261 |il, 1.5mmol) 
in ethoxyethanol (1.5ml) was heated at 120° for 24h. The mixture was 
diluted with DCM, washed with dil. HCI and water, dried (Na2S04) and 

5 concentrated in vacuo. Column chromatography (S1O2: MeOH/DCM, 
5:95) gave the title compound as a brown gum (720mg, 94%). 5H (DMSO 
d 6 ) 9.10 (1H, s, ArNH), 8.34 (1H, d f J 1.0Hz), 7.85 (1H, d, J 1.4Hz), 7.47- 
7.44 (2H, m), 7.40 (1H, d, J 8.0Hz), 7.47-7.44 (2H, m), 7.40 (1H, d, J. 
8.0Hz), 7.20 (1H, s), 7.07 (1H, s), 6.91 (1H, d, J 8.0Hz), 4.34-4.28 (1H, m), 

10 3.98 (3H, s), 3.98 (3H, s) f 3.82 (3H, s) 3.70 (3H, s), 3.09 (1H, dd, J 13.8, 
5.0Hz), 2.95 (1H, dd, J 13.7, 10.0Hz), 1.42 (9H, s). m/ Z (ES + , 70V) 573 
(MH+). 

INTERMEDIATE 32 
15 Methvl 2-ami no-3-l4-[(6.7-dimethoxv-4-aumazolinvnamino1>3- 
methoxvphenvllpropanoate hydrochloride 

Dry HCI was bubbled into a solution of Intermediate 31 (715mg, 1.4mmol) 
in EtOAc (30ml) for a few seconds. The mixture was stirred at RT for 1h. 
The precipitate was filtered off and dried to give the title compound as a 
20 brown solid (534mg, 85%). 8H (DMSO d 6 , 370K) 8.57 (1H, s), 8.23 (1H 
br s), 7.43 (1H, d, J 7.9Hz), 7.15 (1H, s), 6.95 (1H, dd, J 8.0, 1.5Hz), 4.28 
(1H, dd, J 7.1, 6.2Hz), 4.02 (3H, s), 4.01 (2H, s), 3.82 (3H, s), 3.75 (3H, 
s), 3.31 (1H, dd, J 14.2, 6.1Hz), 3.24 (1H, dd, J 14.2, 7.1Hz). mfe (ES + , 
70V) 413 (MH+). 

25 

INTERMEDIATE 33 

Methvl fS)-2-r(ferf-butoxvcarbonvnamlno1-3-f442-f2.g- 
riichlorophenvnethvnvnphenvl>propanoate 

Nitrogen was bubbled through a solution of /V-BOC4--4-iodophenylalanine 
30 methyl ester (1.50g, 3.69mmol) in toluene (20ml) and triethylamine (10ml). 
Bis(triphenylphosphine)palladium (II) chloride (10mol%, 260mg) and 
copper (I) iodide (20mol%, 140mg) were added. A solution of 2,6- 
dichlorophenylacetylene (949mg, 5.55mmol) in toluene (10ml) was added 
by syringe-pump over 3h. The mixture was stirred at RT for a further 3h. 
35 The mixture was diluted with EtOAc, washed with diL HCI and brine, dried 
(Na2S04) and evaporated in vacuo. Column chromatography (SiOz; 
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EtOAc/hexane. 20:80) gave the title compound as a brown gum (1.61 g. 
97%). 8H (DMSO d 6 ), 7.60-7.58 (2H. m), 7.51 (2H, d, J 8.1Hz), 7.42 (1H, 
dd, A 8.8, 7.4Hz), 7.33 (2H, d, A 8.1 Hz), 4.21 (1 H, br m), 3.73 (3H, s), 3.04 
(1H. dd, A 13.8, 5.0Hz), 2.88 (1H, dd, A 13.7, 10.0Hz) and 1.31 (9H, s): mlz 
5 (ES + , 70V) 470 (M ++ Na). 

UMIEBMEBIAIE 34 

M^th V' f^-2-am»no-3- f4.f242 6-dichloroDhenvnethvnvllPhenvl) 
pr o|?anoate hydrochloride 

10 HCI gas was bubbled through a solution of the compound of Example 33 
(1.6g, 3.57mmol) in EtOAc (70ml) for 5 min. The mixture was stirred for 1h 
at RT. The precipitate formed was filtered off and washed with ether to 
give the title compound as an off-white solid (1.21g, 88%). 5H (DMSO d 6 ), 
8.73 (3H t br s), 7.60 (2H, d, A 8.0Hz), 7.56 (2H, d, J 8.1Hz), 7.44 (1H, dd, A 

15 8.7, 7.6Hz), 7.35 (2H, d, A 8.1Hz), 4.30 (1H, t, A 6.6Hz), 3.68 (3H, s), 3.25 
(1H, dd, A 14.2, 6.1Hz), 3.16 (1H, dd, A 14.0, 7.2Hz); mlZ (ES + , 70V) 348 

ur+ h). 

INTFRMEPIATE 3$ 

20 5-Methvl-4-r3H7auinazo1mone 

6-Methylanthranilic acid (5g, 33mmol) and formamidine acetate (0.4g, 
41mmol) were refluxed in 2-ethyoxyethanol (50ml) for 16h. On cooling 
the solvent was removed in vacuo, the residue slurried in diethyl ether, the 
solid filtered, washed with diethyl ether and dried to yield 3.6g of the tiiie 
25 compound . SH (DMSO d 6 ), 7.97 (1H, s), 7.60 (1H, dd, J 7.9, 7.6Hz), 7.43 
(1H, d, i 8.0Hz), 7.21 (1H, d, A 7.3Hz), 2.76 (3H, s); m/Z (ES+ 70VJ161 
(MH + ). 

INITFRM EDtATE 36 
30 4.Chloro>5-methvlauinazoline 

The compound of Intermediate 35 (4.1 g, 26mmol) was refluxed in 
phosphorous oxychloride (60ml) for 5h. On cooling the phosphorous 
oxychloride was removed in vacuo and the residue quenched in ice cold 
saturated sodium bicarbonate. The resulting mixture was extracted with 
35 EtOAc (3 x 50ml), washed with brine, dried "(Mg 2 S04), the solvent 
removed and the residue purified by column chromatography (silica 1:1 
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ethylacetate/ isohexane) to yield the title compound as white solid. 5H 
(DMSO d 6 ), 8.5 (1H, s), 7.7 (1H, dd) 7.8 (1H, d), 7.3 (1H, m) 

INTERMEDIATE 37 
5 ^thvM5U3-M-(rS-methvl >4-auina2olinv l1ammo^DhenvlV2^t-.butoxv> 
rarbonvhamino prooanoate 

EthyKS)-3-(4-aminophenyl)-2-[(t-butoxycarbonyl)amino]propanoate 
(413mg, 1.4mmol) and Intermediate 36 (250mg, 1.4mmol) were heated at 
reflux in EtOH (10ml). The solution was cooled, solvent removed in vacuo, 

10 residue stirred in EtOAc (10ml) and sat. sodium bicarbonate (10mi), 
organic layer isolated, washed with sodium bicarbonate, brine, dried 
(MgS04) and the solvent removed, to yield the title compound as an off 
white solid (520mg). 6H (CDCI 3 ) 8.6 (1H. s), 7.8 (1H, br, s), 7.7 (1H, d, A 
7.8Hz), 7.6 (2H, m), 7.3 (1H, d, J 7.2Hz), 7.2 (2H, d. J 8.7Hz), 5.2 (1H, br 

15 m), 4.6 (1H, br m) 4.2 (2H, q, J, 7.2Hz) r 3.15 (2H, br m), 3.1 (3H, s), 1.4 
(9H, s), 1.25 (3H.W7.2Hz). 



INTERMEDIATE 38 

EthvlWS>-3-f4-r(5-methvM-auin a2olinvnaminolphenvl)-2- 
30 20 aminopropanoate 

The compound of Intermediate 37 (1.1g, 2.5mmol) in DCM (4ml) and 
trifluoroacetic acid (2ml) was stirred for 1h. The solution was poured onto 
saturated sodium bicarbonate and extracted with EtOAc (x 3). The 

35 extracts were washed with brine, dried (MgS04), solvent removed in 

25 vacuo to give the title compound as yellow oil. 8H (CDCI3), 8.6 (1H, s), 
7.8 (1H, br s), 7.7 (1H, d, J 8.4Hz), 7.6 (3H, m), 7.3 (3H, m) 4.2 (2H, q, J 
7.2Hz), 3.7 (1H, m), 3.1 (1H, dd, J 13.6, 8.4Hz), 3.0 (1H, s), 2.8 (1H, dd, J 

40 13.6, 7.9Hz), 1.3 (3H, t, J 7.2Hz). m/ 2 (ES + , 70V) 351 (MH + ) 



30 INTERMEDIATE 39 

Methvl-2>amino-5-ftrifluoromethoxv ^benzoate 

A mixture of 2-Bromo-4-trifluoromethoxy aniline (2.7g, 10.6mmol) 
palladium (II) acetate (360mg.) triethylamine (9ml) and 1,3-bis 
(diphenylphosphino) propane (651 mg) in anhydrous methanol (10ml) and 
35 anhydrous dimethyl formamide (10ml) were cooled in ice/methanol bath, 
and carbon monoxide gas was bubbled through for 10min. The mixture 
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was heated at 70° under a partially inflated balloon of carbon monoxide for 
17h. On cooling nitrogen was bubbled through the solution to dispense 
excess carbon monoxide, and the mixture was poured onto water (50ml) 

10 and EtOAc (50ml), filtered through Celite®, the organic layer isolated, and 

5 aqueous phase was extracted with EtOAc. The organic layers were 
combined, washed with water (x 2), brine (x 2), dried (MgSCU), and the 
solvent removed in vacuo. The residue was distilled and the fraction 

15 boiling at 170°, 0.08 mbar collected to yield 1.8g of a yellow liquid. 8H 

(CDCi 3 ), 7.7 (1 H, m), 7.1 (1 H, m) ( 6.6 (1H, d, J 9.0Hz), 3.9 (3H, s). 

10 

INTERMEDIATE 40 
20 fi^TrifluoromethoxyMKHl-Quinazoline. 

Prepared in a similar manner to the compound of intermediate 35 from the 
compound of Intermediate 39. 6H (DMSO d 6 ), 8.1 (1H, s), 7.9 (1H, s), 7.8 
15 (2H, m). 

25 

INTERMEDIATE 41 

4-f!hioro^-ftrif1uoromethoxv)ouinazoline. 

Prepared from the compound of Intermediate 40 in a similar manner to that 
30 20 described for Intermediate 36. 5H (CDCI 3 ), 9.1 (1H, s), 8.1 (1H, d, J 

9.2Hz), 80 (1H, m), 7.8 (1H, m); m/z (El + , 70V) 249/251. 



INTERMEDIATE 42 

35 FthvUS\-3-(4^r64trif1uorQmethoxvM- ntiinazolinvl1aminolDhenvl>2- 
25 ra-butoxvcarbonyhaminolpropanoate 

Prepared from Intermediate 41 in a similar manner to that described for 
Intermediate 37. 5H (CDCI 3 ), 8.7 (1H, s), 8.0 (1H, d, J 9.1Hz), 7.8 (1H, br 
40 s), 7.6 (3H, m), 7.2 (2H, d, J 8.5Hz), 5.0 (1 H, br s) 4.5 (1 H, br s), 4.2 (2H, 

q, A 7.2Hz), 3.1 (2H, br s), 1 .4 (9H, s), 1 .2 (3H, t, J 7.2Hz). 

30 

INTERMEDIATE 43 

45 Fthvl rS^-/4^r6-trifluoromethnyv^ Q uina7ol»nvnaminolPhenvn-2- 

amlnopropanoate 

Prepared from the compound of Intermediate 42 in a similar manner to that 
35 described for Intermediate 38. 6H (CDCI3), 8:7 (1H, s), 7.9 (1H. d, J. 
50 9.2Hz), 7.7 (1H, br m), 7.6 (3H, m), 7.2 (2H, d, i 7.1Hz), 4.2 (2H, q, J 
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7.2Hz), 3.8 (1H, m), 3.1 (1H, m), 2.9 (1H, m), 1.3 (3H, t, i 7.2Hz); m/z 
(El + , 70V) 421 (MH + ) 

| N TF RMgDIATg 44 

5 ^-Amino-4-m ethoxv-3-cvclobutene-1.2-clions 

3,4-Dimethoxy-3-cyclobutene-1, 2-dione (1.3g, 9.2mmol) in of MeOH 
(10.0ml) was treated with aqueous ammonia (10.0ml of a 2.0M solution) 
and stirred at ambient temperature for 2h. The yellow precipitate thus 
formed was recovered by filtration, washed with MeOH and Et20 and dried 
10 in vacuo to afford the title compound (0.87g, 75%) as an amorphous 
yellow powder 8H (d<* DMSO) 8.32 (2H, br s), 4.28 (3H, s). m/z (ES + , 
70V) 127 (MH + ). 

INTERMEDIATE 45 
15 ^pthvl-rsU3-f4-r(2-chloro-6.7-dimethQXV^ 

q^lj n a7QltnvhaminolDhenvlV2-m-butoxy ^arhnnvl^amino1propanoate 

Prepared in a similar manner to the compound of Intermediate 9 from 
methyl-(S)-3-(4-aminophenyl)-2-(A/-t-butoxycarbonylamino)propanoate and 
2,4-dichloro-6,7-dimethoxyquinazoline. 6H (CD3OD) 7.72 (1H, s), 7.69 
20 (2H, d, A 8.4Hz), 7.25 (2H, d, 1 8.4Hz), 7.05 (1H, s), 4.34 (1H, m), 4.15 
(2H t m, J 7.1Hz), 4.00 (3H, s), 3.96 (3H, s) t 3.08 (1H, m), 2.97 (1H, m), 
1.40 (9H, s), 1.23 (3H, t, J 7.1 Hz), m/z (ESI + 531 (MH + ). 

EXAMPLE 1 

25 FthvUS^3-r4-/3.5-dichlor o>4^vridvlcarhoxamido)phgnvn-2-<2- 
j ff? prnpQxv-3.4-dioxocvlobut -1>envlamino^proPanoate 

A solution of Intermediate 3 (2.1g, 5mmol) in EtOH (25ml) was treated with 
DIPEA (0.96ml t 5.5mmol) and 3,4-diisopropoxy~3-cyclobutene-1 t 2-dione 
(1.1g, 5.5mmol) and heated to reflux for 16h. The reaction mixture was 

30 cooled and concentrated in vacuo. The residue was taken up in EtOAc 
(50ml) and washed with 10% aqueous citric acid (2 x 50ml), NaHC03 
solution (2 x 30ml) and brine (30ml), dried (MgS0 4 ) and the solvent 
evaporated in vacuo to give a pale yellow oil, which was purified by column 
chromatography (Si02,EtOAc:hexane 1:1) to give the title ppmppund as a 

35 white foam 1.62g, 62%). 5H (DMSO d*), 10.45 (TH, s), 8.69 (2H, s), 8.52 
(1H, d, J 8.4Hz), 7.57 (2H, d, J_7.6Hz), 7.25 (2H, d, i 7.6Hz), 5.22 (1H, 
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m), 4.69 (1H, m), 4.19 (2H, q, J 7.1Hz), 3.25 (1H, dd, A 14.3, 5.2Hz), 3.07 
(1H, dd, J 14.3, 9.4Hz), 1.38 (6H, dd, J 6.2, 3.9Hz), 1.23 (3H, t, A 7.1Hz). 

EXAMPLE 2 

5 Fthv>-fSU3-r4-f3.S-di C hlor 0 -4,pvriHvl Ca rbQxamido^henvn>2-f2>r3- 
methoxvproDvlamine]-3.4-dioxocvclo but-1-env1amino^Dropanoate 

A solution of the compound of Example 1 (1.55g, 2.99mmol) in EtOH 
(25ml) was treated with 3-methoxypropylamine (0.34 ml, 3.3mmol) and 
stirred for 16h at RT. The white solid was isolated by filtration, and 
10 washed with cold Et20 (3 x 10ml) to give the title compound (1 .38g, 84%). 
5H (DMSO d B ),10.89 (1H, s), 8.80 (2H, s), 7.59 (2H, dj 8.4Hz), 7.25 (2H, 
brm). 7.18 (2H, d, J8.4Hz), 4.99 (1H, m), 4.18 (2H, q, J 7.1 Hz), 3.54 (2H, 
m), 3.37 (2H, t, J 6.3Hz), 3.23 (3H, s), 3.16 (1H, m), 3.06 (1H, m), 1.75 
(2H, q. J6.3Hz), 1.22 (3H, t, J 7.1Hz). jn/Z (ES + , 70V) 549 (MH + ). 

15 

EXAMPLE 3 

f^-3-r4^3.5>Dichloro-4-pvridvlcarboxamido)phenvn-2>r2-f3- 
methoxvpropvlamino^3.4-dioxQcvclobut-1-env1amino1propanoic acid 

A solution of the compound of Example 2 (1 .30g, 2.48mmol) in THF (40ml) 
20 and water (25ml) was treated with LiOH.H 2 0 (125mg, 2.98mmol) and 
stirred for 3h at RT. The reaction mixture was concentrated in vacuo, and 
acidified to pH 2 with 1M hydrochloric acid. The resulting solid was 
isolated by filtration , washed with water and dried in vacuo to give the iiilg 
compound (1.1 5g, 85%). 8H (DMSO d 6 ), 10.89 (1H, s), 8.79 (2H, s), 7.58 
25 (3H, m), 7.19 (2H, d. J 8.1Hz), 4.92 (1H, m), 3.54 (2H, m), 3.23 (3H, s), 
3.16 (1H, dd, J 13.9, 5.1Hz), 3.05 (1H, dd, J 13.9, 7.4Hz) and 1.74 (2H, t, J 
6.4Hz). m/z (ES + , 70V) 521 (MH + ). 

EXAMPLE 4 

30 Ethvl-fS^3f4-r3.5-dichlor o-4-pvridvlcarboxamido)phenvn-2^2> 
propvlamino-3.4-dioxocvclo buM-envlamino)propanQate 

A solution of the compound of Example 1 (1g, 1.93mmol) in EtOH (25ml) 
was treated with n-propylamine (0.18ml, 2.12mmol) and stirred at RT for 
16h. The resulting white solid was isolated by filtration and washed with 
35 cold Et 2 0 (2 x 20ml) to give the title compound (€.68g, 68%). 6H (DMSO 
d 6 ), 10.87 (1H, S), 8.78 (2H, s), 7.57 (4H, m,), 7.16 (2H, d, J 8.3Hz), 4.97 
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(1H, m), 4.16 (2H, q, J 7.1Hz), 3.44 (2H, m), 3.11 (2H, rn), 1.50 (2H, m), 
1 .20 (3H, t, J 7. 1 Hz), 0.86 (3H, t, J 7. 1 Hz), nfc (ES + , 70V) 51 9 (MH + ). 

FXAMPLE 5 

5 f-<?)-3^4-/3.S>Dichloro>4>Dvridvlcarboxamido^henvn-2>(2» 
propviamino-3.4-dioxocvclobuM-envlamino)propanQic acid. 
The title compound (0.67g, 99%) was prepared from the compound of 
Example 4 (0.66g, 1.27mmol) in a similar manner to the compound of 
Example 3. 5H (DMSO d&), 10.51 (1H, s), 8.71 (2H, s), 7.56 (2H, d, J 
10 8.3Hz), 7.36 (1H, m), 7.31 (1H, d, A 9.0Hz), 7.22 (2H, d, A 8.3Hz), 4.96 
(1H, m). 3.49 (2H, q, J 6.7Hz), 3.20 (1H, dd, J 14.1,5.6Hz), 3.09 (1H, dd, J 
14.1, 7.4Hz), 1.57 (2H t m), 0.92 (3H, t, A 7.4Hz). mte (ES + , 70V) 491 
(MH + ). 

15 FXAMPLE 6 

Fthi/n^>-3-r4-/3.5-dichloro-4-pvridvlcarboxamido)phenvll-2-r(2-fe/t- 
hiityn-3.4-dioxo-1-cvclobutenvlamino1propanoate 

A mixture of the compound of Intermediate 4 (392mg, 2mmol), 
Intermediate 3 (837mg, 2mmol) and DIPEA (348^1, 2mmol) in abs. ethanol 

20 (20ml) was heated at reflux for 24h. The solvent was removed in vacuo 
and the residue dissolved in DCM, washed with HCI (1M), dried (Na2S04) 
and evaporated in vacuo. Column chromatography (SiC>2; MeOH/DCM, 
5:95) gave the title compound as a yellow foam (741 mg, 72%). 8H (DMSO 
d 6 ), 10.83 (1H, s), 8.77 (2H, s), 8.54 (1H, d ( A 8.6Hz,) t 7.54 (2H, d, A 

25 8.4Hz), 7.23 (2H, d, A 8.5Hz), 5.01 (1H, m), 4.17 (2H, q, J. 7.1Hz), 3.25 
(1H, dd, A 4.6Hz), 3.04 (1H, dd, A 13.7, 10.9Hz), 1.21 (9H, s), 1.21 (3H, t, 
J 7.1Hz) . mlZ (ES + , 70V) 51 8 (M + + H). 

EXAMPLE 7 

30 rS^3.r4-f3.5>Dichloro-4-pvr idvicarboxamido^phenvlV2-rf2-fert-butvlW 
3.4-dioxo-1-cvclobutenvlamino^propanoate 

Lithium hydroxide monohydrate (66mg, 1.56mmol) was added to the 
compound of Example 6 (735mg, 1.42mmol) in THF (14ml) and water 
(14ml). After 2.5h at RT the THF was removed in vacuo. The aqueous 
35 residue was acidified (pH1 ,1M HCI) and the precipitate filtered off, washed 
with water and dried to give the title compound as a pale brown solid 
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(625mg, 90%). 5H (DMSO d 6 ), 13.29 (1H, br s), 10.85 (1H, s), 8.78 (2H, 
s), 8.49 (1 H, d, J 9.2Hz), 7.55 (2H, d, J 8.5Hz), 7.24 (2H, d, J 8.5Hz), 4.95 
<1H, ddd, J 11.0, 9.3, 4.2Hz), 3.28 (1H ( dd, J 13.8, 4.1Hz), 3.04 (1H, dd, J 
13.7, 1.1Hz), 1.22 (9H, s); mfc (ES+, 70V) 490 (Lfl + + H). 

5 

IVI ^^vl rS^344-rr3.S-dichlorofS QnicotinovnoxvlDhenvlV2-(2- 

Pff-n pylamino>3.4-dioxocvc<buM-envl^ m ino )P rQpanoate 

In a similar manner to that described for Example 1 and Example 2 the iille 
10 compound was prepared from the compound of Intermediate 27 as a white 
solid. 5H (DMSO d 6 , 390K) 8.81 (2H t s), 7.36 (2H, d, J 8.7Hz), 7.26 (2H t 
d, 18.7Hz), 5.11-5.05 (1H, m), 3.78 (3H, s), 3.52-3.47 (2H, m) 3.29 (1H, 
dd, J 14.2, 5.9Hz), 3.18 (1H, dd, J 14.2, 9.7Hz), 1.63-1.54 (2H, m), 0.93 
(3H, t, A 7.4Hz,). mfc (ES + , 70V) 506 (MH + ). 

15 

EXAMPLE 9 

( ^.3^4>rf3.5-Dichloroisonicotin ovnoxvlphenvlV2-f2-propylamino-? l 4» 
^^Yncvclobut-1-envlamino^Dropanofc acid 

In a similar manner to that described for Example 3 the title cpmppund was 
20 prepared from Example 8 as a white solid. 8H (DMSO d 6 , 390K) 13.31 
(1H, br), 8.80 (2H, s), 7.38 (2H, d, J 8.6Hz), 7.25 (2H, d, J 8.6Hz), 5.0-4.98 
(1H, m), 3.52-3.47 (2H, m t ) 3.29 (1H, dd, J 14.2, 5.7Hz), 3.16 (1H, dd, J. 
14.2, 7.5Hz), 2.51-2.50 (2H, m), 0.93 (3H, t, J 7.4Hz). m/z (ES + . 70V) 494 
(MH + ). 

25 

EXAMPLE 10 

FthvlfSU3.r4^3.5-dichloro-4-py ririvlcarboxamido)Dhenvn-2-(2-butvU 
3 1 4-dioxo-1-cvc lQbutenvlamiP Q )P ro P anoate 

A mixture of Intermediate 28 (336mg, 2mmol), Intermediate 3 (837mg, 
30 2mmol) and DIPEA (700|al, 4mmol) in EtOH (2ml) was heated at reflux for 
2h. The solvent was removed in vacuo. The residue was dissolved in 
DCM (150ml), washed with dil. HCI, dried (Na 2 S0 4 ) and concentrated in 
vacuo. Column chromatography (Si02: MeOH/DCM, 5:95) gave the tji!e 
compound as a yellow foam (904mg, 87%). 5H (DMSO d 6 , 390K) 10.39 
35 (1 H, br s), 8.68 (2H, s), 8.59 (1 H, br d, J 7.8Hz), 7.55 (2H, br s), 7.26 (2H, 
d, J 8.3Hz), 4.84 (1H, br s), 4.21 (2H, q, i 7.1Hz), 3.28 (1H, dd, J. 14.3, 



WO 00/73260 



PCT/GBOO/02020 



57 

5.3Hz), 3.10 (1H. dd. J 14.3, 9.2Hz), 2.5 (2H, m), 1.62-1.54 (2H, m), 1.38- 
1.29 92H). 1.24 (3H, t. J 7.1Hz. CO2CH2CH3). 0.91 (3H, t. A 7.3Hz). m'Z 
(ES + . 70V) 518 (MH + ). 

5 FXAMPIE 11 

( S).3-f4-f3.5.Dichloro-4- P vridvl rarboxamido)Dhenvn-2-(2-butvl-3.4r 
dig^n-l -cvclobutenvlaminolpropanoic acid 

In a similar manner to that described for Example 3 the title compound was 
prepared from the compound of Example 10 as a pale yellow solid. 5H 
10 (DMSO d s . 370K), 10.48 (1H, s), 8.70 (2H, s), 8.5 (1H, v br), 7.55 (2H. d, 
i 7.8Hz), 7.25 (2H, d. A 7.9Hz), 4.85 (1H, v br), 3.29-3.22 (1H, m), 3.09- 
3.03 (1H, m), 2.5 (2H. m), 1.57-1.51 (2H, m), 1.36-1.27 (2H, m). 0.90 (3H, 
t. A 7.3Hz). m/Z (ES + , 70V) 490 (MH+). 

15 EXAMPLE 12 

p r t 1 v lf«?^J4.riZ.6.na r>hthvririin.1-Y»amino1nhenvll7-r(2-iS0Pr0P0XV- 

3 4.Hin«ocvclobut-1-envnamino1prooanoate 

A solution of Intermediate 7 (280mg, 0.84mmol) and 3,4-diisopropoxy-3- 
cyclobuten-1,2-dione (200mg, 1.01mmol) in absolute ethanol (5ml) was 

20 stirred at RT for 8h then at 50° for 18h. The volatiles were removed in 
vacuo and the residue chromatographed (silica, 80% EtOAc/Hexane to 
100% EtOAc) affording the title compound as a dull yellow foam (250mg, 
63%). 6H (CDCI 3 ) 9.18 (1H. s), 8.66 (1H, d, i 5.9Hz), 8.21 (1H, d, A 
5.7Hz), 7.72 (1H, d, J 5.9Hz), 7.66 (2H, d, J 8.5Hz), 7.22 (1H, obs. s), 7.20 

25 (1H, d. A 5.7Hz). 7.14 (2H. d, A 8.5Hz), 6.37, 5.90, 5.18 and 4.60 (together 
1H, br m's), 4.27 (2H, q, A 7.1Hz), 3.31-3.10 (2H, br m), 1.42 (3H, d, A 
6.2Hz), 1.41 (3H, d, A 6 2Hz), 1.32 (3H, t. A 7.1Hz); mlz (ES\ 70V) 475 
(MH*). 

30 FYAMPLE 13 

P^h V i (<?\.3-r4-»2.6-na nhthvridin-l-vnaminolPhenvl>2-fr2-/V.W- 

^i ff thy |amino - 3 - 4 - dio » OKVCIobut - 1 - ftnvllaminQ>pr(:>panoatg 

The compound of Example 12 (240mg, 0.51 mmol) and diethylamine 
(74mg. 105pl, 1.01mmol) in absolute ethanol (2ml) was stirred at 45° 
35 under an atmosphere of N2 for 18h. The volatiles were removed in vacuo 
and the residue chromatographed (silica, gradient elution 1 to 3% 
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EtOH/EtOAc) to afford the title compound as a yellow foam (240mg, 97%). 
8H (CDCI 3 ) 9.17 (1H, s), 8.65 (1H t d, A 5.9Hz), 8.19 (1H, d t A 5.7Hz), 7.78 
(1H, d, A 5.9Hz), 7.68 (2H, d, J 8.4Hz), 7.48 (1H, s), 7.18 (1H, d, A 57Hz), 
7.13 (2H, d, A 8.4Hz), 5.45-5.35 (2H, overlapping signals), 4.25 (2H, q, A 
7.1Hz), 3.68-3.31 (4H, br m), 3.30-3.18 (2H, m), 1.31 (3H, t, A 7.1Hz), 1.22 
(6H, t, A 7.1Hz); m/z (ES+ 70V) 488 (MH + ). 



EXAMPLE 14 

rsu3^4-ri2.6-Na P hthvridin-l-vlta^ 
10 3 4-dioxocvclobuM-envnaminolDrooanoic acid 

The compound of Example 13 (230mg, 0.47mmol) was treated with a 
solution of UOH.H2O (25ml, 0.60mmol) in water (4ml) and dioxan (4ml) at 
RT for 1.5h. A few drops of AcOH were added and the volatiles removed 
in vacuo. The residue was chromatographed [silica, gradiant elution, DCM 
15 (200 to 120), MeOH (20), AcOH (3), H 2 0 (2)] to afford the product as a 
yellow oil. Freeze-drying from aqueous MeOH afforded the title compound 
as a bright yellow amorphous solid (165mg, 76%). 6H (d 6 DMSO) 9.28 
(1H, s), 9.20 (1H, s), 8.65 (1H, d, A 59Hz), 8.37 (1H, d, J 5.8Hz), 8.12 <1H, 
d, A 5.8Hz) t 7.78 (2H, d, A 8.5Hz), 7.66 (1H, d, A 9.0Hz), 7.26 (1H, d, J 
30 20 5.8Hz), 7.22 (2H, d, J 8.5Hz), 5.15-5.05 (1H, m), 3.70-3.30 (4H, br m), 

3.22 (1H r dd, A 13.9. 4.0Hz), 3.00 (1H, dd, A 13.9, 10.9Hz), 1.09 (6H, t, A 
7.1Hz); mte (ES + , 70V) 460 (MH + ). 

35 EXAMPLE 14A 

25 ^W3^4-rf2.6^Naphthvridin- 1>vnaminolDhenvlV2-ir2-/V./V-diethvlamino> 
3 4-dioxocvclobut-1-e nyl]amino>prQnanoic acid, sodium salt 
A solution of the compound of Example 14 (250mg, 0.55mmol) in water 

40 (3ml) and THF (2ml) was treated with sodium hydroxide solution (0.1M, 

5.5mmol) and stirred for 10mins. The solution was freeze dried to give the 
30 title compound as a bright orange solid (250mg, 95%). 6h (d6 DMSO) 
8.43 (1 H, s), 8.06 (2H, s), 7.48 (1 H, d, J 5.6Hz), 7.16 (2H, d, J 8.3Hz), 6.93 

45 (2H, d, A 8.4Hz), 5.88 (1H, d, A 5.6Hz), 3.73 (1H, t, A 6.7Hz), 3.88-3.83 

(2H, m), 3.55-3.50 (2H, m), 2.86 (1H, dd, A 13.3, 6.5Hz), 2.67 (1H, m), 
1.12 (6H, t, A 7.1Hz). (ES + , 70V) 460 (MH + ). 

35 
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In a similar manner to that described for Examples 13 and 14 were 
prepared the Examples 15 to 28: 

FXAMPLE 15 

5 Fthul fSU3-r4-f2.6-naDhthvri riin.1.vlamino>nhBnvn2-r2.<piDeridin-1-vl1- 
3 4-dioxocvclobut-1-envlamino1propanoate 

5 H (CDCI 3 ) 9.18 (1H, s), 8.67 (1H. d, J 5.9Hz). 8.20 (1H, d. J 5.9Hz), 7.74 
(1H. d, J 5.9Hz), 7.67 (2H, d, J 8.5Hz). 7.35 (1H,s ), 7.20 (1H, d, J_5.9Hz), 
7.13 (2H, d, J 8.5Hz), 5.40 (2H, narrow m), 4.25 (2H,q, J 7.2Hz), 3.69-3.50 
10 (4H, br m), 3.22 (2H, narrow m), 1.67 (6H, narrow m), 1.31 (3H. t, J 
7.2Hz); ffi/z (ES + , 70V) (MH + ) 500. 

EXAMPLE 16 

^t-3-r4.t2 6.N aD hthvri din-1-vlafnino)nhenvn-2-r2-(PiPeridin-1-Vl)-3.4- 
15 riinxocvclob ut-1-env!aminn1prnnano8c acid 

8 H (d 5 DMSO) 9.29 (1H, s), 9.21 (1H, s), 8.65 (1H, d, J 5.9Hz). 8.38 (1H, 
d, J 5.9Hz), 8.12 (1H, d, J 5.8Hz), 7.77 (2H, d, J 8.4Hz). 7.76 (1H, obs. 
signal), 7.26 (1H, d, J 5.8Hz), 7.21 (2H, d, J 8.4Hz). 5.07 (1H, narrow m), 
3.72-3.48 (4H, br m). 3.20 (1H, dd, i 14.0, 4.1Hz), 2.98 (1H, dd, J 14.0, 
20 10.6Hz), 1 .68-1 49 (6H, br m); jd/Z (ES+, 70V) (MH + ) 472. 

FXAMPLE 17 

PthvNS1-3.r4-<2.6.rian hthvridin-1-vl a minn^ohenvn-2-f2-/tf./V-di-n- 
pmpvlamino-3.4-dioxocvclo btit-1-envlaminolproDanoate 

25 8 H (CDCI3) 9.18 (1H, s), 8.70 (1H, d, J 5.9Hz), 8.15 (1H. s), 7.85 (1H. br 
s). 7.64 (2H, d, J 8.3Hz), 7.19-7.13 (3H. m), 5.40-5.30 (1H, m), 4.35-4.20 
(2H. m). 3.60-3.10 (6H, m), 1.65-1.55 (4H, m), 1.33 (3H, t, 1 7.1Hz), 0.9 
(6H, t, J 7.35Hz), m/z (ES + , 70V) MH + 516. 

30 FXflMPLE 18 

f^.a.r4-<2.6-Naphthv ridin.1- V laminr>tnhi>nvn.2.f2./tf.W-di-n- 
propylamino-3.4-dioitocvclo but-1-envlamino<propanoic acid 

5 H (d$ DMSO. 370K) 9.19 (1H, s), 9.0 (1H, br s). 8.64 (1H. d. J 8.6Hz), 
8.34 (1H, d,i 5.9Hz), 8.14 (1H, d, J 5.7Hz), 7.79 (2H. d, J 8.4Hz), 7.25- 
35 7.21 (1H. m), 7.23 (2H, d, J 8.7Hz), 7.05 (1H, br 's), 5.15 (1H, br s). 3.56-. 
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3.40 (4H, m), 3.27 (1H, dd, J 14.2, 4.9Hz), 3.10 (1H, dd, i 14.2. 9.4Hz), 
1 .65-1 .50 (4H, m), 0.86 (6H, t, A 7.3Hz), m/Z (ES+, 70V) MH + 488. 

FXflMPLE 19 

5 /5;)-3.r4-f2.6-naDhthvridin-1-vlaminolDhenvn2.f2-tert-butvl-3.4- 
riio»ocvclobut-1-e nvlamino)-propanoic acid 

8 H (d 6 DMSO) 9.29 (1H, s), 9.22 (1H. s), 8.67 (1H, d, J 5.8Hz), 8.51 (1H, 
d, J 9.1Hz), 8.40 (1H, d, J 0.8Hz), 8.38 (1H, d, J 0.8Hz), 8.13 (1H, dd. A 
5.6, 1.3Hz), 7.78 (2H, nr m), 7.26 (1H, d, J 5.8Hz), 7.19 (1H, d, J 8.6 Hz), 
10 4.95 (1H, brs), 3.4-3.2 (1H, m), 3.04 (1H, dd. J 13.6, 11.1 Hz), 1.23 (9H. s). 
m/2(ES + . 70V) (MH + ) 445.2. 

FX AMPLE 20 

(<;)-3.f4-f2.6-NaDhthvridin-1-v»ami nn\nhenvn.2.r2-/V-methvl.W- 
15 htitvlamino)-3.4-dioxocv c»obut-1-envlaminolDroDanoic acid 

8H (d 6 DMSO, 390K) 9.19 (1H, s). 9.08 (1H. s), 8.65 (1H, d, J 5.9Hz), 8.35 
(1H, d, A 5.9Hz), 8.35 (1H, d, J 5.9Hz), 8.14 (1H, d, J 5.7Hz), 7.78 (2H, d, A 
8.3HZ), 7.25-7.20 (3H. m), 5.06 (1H, br s), 3.58-3.42 (2H, m). 3.24 (1H. dd, 
A 14.1. 4.7Hz), 3.16 (3H, s), 3.06 (1H. dd, J 14.1, 9.5Hz), 1.54-1.50 (2H. 
20 m), 1.27 (2H, dd, J. 15.1, 7.4Hz), 0.87 (3H, t, A 7.31 HZ). mlZ ES + , 70V) 
474 (MH + ). 

FyAMPLE 21 

<.^.3.r4-f2.6-Naphthvri Hin.1.vl.A/-methvlaminotohenvl1-2-r2.W.<tf- 
25 Hiethvlamino-3.4^ioxocyclobut-1-e nvlamino>propanoic acid 

6H (d 6 DMSO, 350K) 9.23 (1H, d, J 1.0Hz), 8.36 (1H. d, J 5.6Hz), 8.22 
(1 H, d, A 6.0Hz). 7.49 (1 H, dd, A 5.7, 0.9Hz), 7.30 (1 H, br d. A 8.0Hz), 7.21 
(2H, d, A 8.5Hz). 7.05 (1H. d, A 6.0Hz), 6.93 (2H, d, J 8.5Hz), 5.12-5.09 
(1H, narrow m), 3.66-3.45 (4H, m), 3.49 (3H, s), 3.24 (1H, dd. A 14.0- 
30 4.5Hz), 3.03(1 H. dd.J14.0. 10.1Hz). 1.10 (6H, t, J 7.1Hz) m/z (ES + , 70V) 
474 (MH + ). 



35 



EXAMPLE 22 

>.«?>-3-f4-(2.6-N aphthvridin-1-v/laminotphenvn-2-rf2.S-dimethvl-3- 
pvrrolin-1-vl)-3.4-dioxocyclobut-1-e nvlamino1propanoicacid 
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8H (DMSO de. 350K); 9.19 (1H, d, A 0.9Hz), 9.09 (1H, s), 8.65 (1H, d, A 
5.9Hz), 8.35 <1H, d. J 5.9Hz), 8.14 (1H. d, A 5.7Hz), 7.78 (2H, d, J.8.3HZ). 
7.26-7.18 (4H. m), 5.90 (2H, S), 5.09 (1H, br s), 4.85 (2H, q. A 12.8, 6.4Hz), 
3.27 (1H, dd, J 14.1, 4.8Hz), 3.11 (1H, dd, J 14.1, 9.5Hz), 1.35 (3H, d, A 
5 6.4Hz), 1.31 (3H, d, J 6.4Hz), mfc (ES + , 70V) 484 (MH + ). 

EXAMPLE 3? 

( 1 7).a.f4.f2.6.Naphthvridin.1.vlam inolphenvn?-f2.fA/-methvl~AA- 
p r npvlaminol-3.4-dioxocvclobut -1 .ftnvlaminolpropanoic acid 
10 6H (DMSO d 6 . 350K), 9.20 (1H. s), 9.10 (1H, s), 8.65 (1H, d, A 5.85Hz). 
8.35 (1H. d. A 5.92Hz), 8.14 (1H, d. J 5.68Hz), 7.79 (2H, d, A 8.03Hz), 7.36 
(1H. d, A 9 0Hz), 7.26-7.22 (3H„ m), 5.16 (1H. br s), 3.50-3.39 (2H, m), 
3.25 (1H, dd, A 14.09, 4.83Hz), 3.17 (3H, s). 3.07 (1H, dd, J 14.1, 9.9Hz), 
1.61-1.52 (2H, m), 0.84 (3H, t, J 7.35Hz); mfc (ES + , 70V) 460 (MH + ). 

15 

EXAMPLE 24 

(g).^. r4.(2 6-Manhthv ridin.1.vlaminQ^phenvl1-2-rf2-(SVf2- 
mP t pn»um e thvnpvrro > idin-1-vn.3.4-dioxocvcl0PUt-1-€nvl)amino1 
nrnnanoic acid 

20 6H (DMSO d 6 , 350K) 9.20 (1H, s), 9.10 (1H, s), 8.65 (1H, d, A 5.9Hz), 8.35 
(1H, d, A 5 9Hz), 8.14 (1H, d, A 5 7Hz), 7.80 (2H, d, A 8.3Hz), 7.27-7.20 
(4h! m), 5.07 (1H, br s), 4.20 (1H, d, A 5.2Hz), 3.85-3.64 (2H, m), 3.35- 
3.32 (2H, m), 3.25 (3H, s), 3.25-3.01 (2H, m), 2.03-1.75 (4H, m); mfc (ES + , 
70V). 502 (MH + ). 

25 

EXAMPI-E ?S 

(5iW3-r4-t2.6-Naphthvridin-1-v lamino>phenvn-2-r2-(W-ethvl-W-/SP- 
prnpvlaminot-3.4-dioxocvclobut-1 -envlam inolpropanoic acid 

5H (DMSO de. 350K); 9.20 (1H, s), 9.09 (1H. s), 8.64 (1H, d, J 5.9Hz), 
30 8.35 (1H, d, A 5.9Hz), 8.1 5 (1 H, d, A 5 7Hz). 7.78 (2H, d. A 8.3Hz). 7.26- 
7.20 (4H, m), 5.18 (1H, br s), 4.44-4.37 (1H, m), 3.45 (2H, q, A 7.2, 2.4Hz), 
3!25 (1H, dd, A 14.1, 4.7Hz), 3.08 (1H, dd, J 14.1, 9.8Hz), 1.20 (6H, q, A 
6.7, 3.3Hz), 1.14 (3H, t. J 7.1Hz), mfc (ES + . 70V), 474 (MH + ). 
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fSl-3.r4W2.6-Naphthvridin-1- V lam 

pmpvlaminoV3.4>dioxocvciobuM>envlamino1prQPanQic acid 
8H (DMSO d 6 , 350K) 9.20 <1H, s), 9.09 (1H, s), 8.65 (1H, d, J 5.9Hz), 8.35 
, (1 H, d, J 5.9Hz), 8. 14 (1 H, d, J 5.6Hz), 7.79 (2H,d, J 8.3Hz), 7.38 (1 H, d, J 
5 8.1Hz), 7.26-7.22 (3H, m), 5.12 (1H, br s), 4.46-4.40 (1H, m), 3.25 (1H, dd, 
i 14.1, 4.8Hz), 3.05 (1H, dd, J 14.2, 4.6Hz), 3.06 (3H, s), 1.82 (3H, d, J 
2.58Hz, 1 .65 (3H, d, J 2.6Hz); m/Z (ES + , 70V) 460 (MH + ). 

FXAMPLE 27 

10 ^U3>r4-f2.6-Naphthvridin-1 -vlamin Q ^henvn-2-r2>f2.5- 

dim e thvlpvrroNdin-1-vn-3.4-dioxocvclobuM-envlamino1prQPanPic 
acid 

8H (DMSO d 6( 350K) 9.20 (1H t d, J 0.9Hz), 9.10 (1H, s), 8.65 (1H, d, J 
5.9Hz), 8.35 (1H, d, J 5.9Hz), 8.14 (1 H, d, J 5.7Hz), 7.79 (2H, d, J 8.3Hz). 
15 7.26-7.23 (3H, m), 3.26 (1H, dd, J 14.2, 4.8Hz), 3.1 (1H, dd, 1 14.2, 
9.7Hz), 2.15-2.09 (2H, m), 1.73-1.66 (2H, m), 1.28 (3H, d, J 6.4Hz), 1.25 
(3H, d, J 6.4Hz); m/2 (ES + , 70V) 486 (MH + ). 

EXAMPLE 28 
20 fSy3-r4-l2.6-Naphthvridin-1-vlam^^^ 

1 -yl)-3 4-dioxocvclobuM-envlaminolpropanoic acid 

5H (DMSO d 6 , 370K), 9.19 <1H, s), 9.03 (1H, s), 8.64 (1H, d, J 5.8Hz), 
8.33 (1H, d, A 5.9Hz), 8.14 (1H, d. J 5.6Hz), 7.78 (2H, q, J 8.4, 2.3Hz), 
7.25-7.22 (4H, m), 5.13 (1H, br s), 4.45 (1H, br s), 4.04 (1H, d, J 13.7Hz), 
25 3.25-3.20 (2H, m), 3.1 1-3.05 (1 H, m), 1.76-1.49 (6H, m), 1.24 (3H, q, J 6.9, 
5.2Hz); m/z (ES + , 70V) 486 (MH + ). 

EXAMPLE 29 

M e thvUS^3-r4W2.6-naphthvridin-1-vloxv)PhenvlV2-(2-/V./V- 
30 di e thvlammo -3.4-dioxocvclobut-1-envlamino)prQPanQate 

To methyl (S)-2-(2-isopropoxy-3,4-dioxocyclobut-1 -enylamino)-3-[4-(2,6- 
naphthyridin-1-yloxy)phenyl]-propanoate (prepared from the compound of 
Intermediate 8 in a similar manner to the compound of Example 1) (0.20g, 
0.44mmol) in methanol (3ml) was added 2 equivalents of diethylamine 
35 (0.09ml) and the solution was stirred at 65° overnight. The solution was 
cooled and then evaporated. The solid was chromatographed (silica, 
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EtOAc/ isohexane 50-100%) to afford the title compound (0.1 5g, 73%) as 
a white solid. 6 H (CDCI 3 ) 9.30 (1H, s), 8.77 (1H, d, J5.7Hz) t 8.19 (1H, d, 
A 5.8Hz), 8.08 (1H, d, J 5.79Hz), 7.44 (1H, d, A 5.8Hz), 7.24-7.18 (4H, m), 
5.46 (1H,m), 5.35 (1H, m), 3.83 (3H, s), 3.70-3.40 (4H, br s), 3.31 (2H, d, A 
5 5.3Hz), 1 .24 (6H, t, A 7.2Hz). m/Z (ES + , 70V) MH + 475. 

FXAMPLE 30 

fj?U3-r4^2.6-Naphthvridin-1-vloxv^n hPnvn-2W2-/tf.A/-diethvlamino>3.4- 
^inYorvclobut-1 -envlaminolpropanoic acid 

10 The compound of Example 29 (0.1 37g, 0.29mmol) in dioxan (2ml) and 
water (2ml) was treated with LiOH.H 2 0 (0.02g) and stirred at RT for 4h, a 
few drops of glacial acetic acid were added and the solution was then 
evaporated in vacuo. The product was chromatographed (silica; DCM 
200 : MeH 20 : HOAc 3 : H 2 0 2) to afford the title compound as an off- 

15 white solid (0.10g, 78%). 5 H (de DMSO, 350K), 9.40 (1H, s), 8.76 (1H, d, 
A 5.7Hz), 8.15-8.09 (2H, m). 7.65 (1H, dd. A 5.8, 0.9Hz), 7.37 (1H, s), 7.36 
(2H, d, J 8.6Hz), 7.20 (2H, d, J 8.6Hz), 5.15 (1H, br s) f 3.59-3.51 (4H, m), 
3.32 (1H, dd, A 14.1, 4.8Hz), 3.13 (1H, dd, A 14.1, 9.9Hz), 1.14 (6H, t, A 
7.1Hz). m/Z (ES + , 70V) MH+ 461. 

20 

The compounds of Examples 31 to 33 were prepared in a similar manner 
to the compounds of Examples 29 and 30. 

FXAMPLE 31 

25 fS)-3-r4-<2.6-Nanhthvri^ 

dinxncvclobuM-envlaminolpropanoiac acid. 

5 H (d 6 DMSO, 370K) 9.39 (1H, s), 8.76 (1H, d, J 5.7Hz), 8.13 (2H, nrm), 
7.65 (1H, dd, J 5.7, 0.9Hz), 7.34 (2H, d, A 8.6Hz), 7.21 (2H, d, A 8.6Hz), 
5.16 (1H, br s), 3.64-3.59 (5H, m), 3.31 (1H, dd, J 14.1, 5.0Hz), 3.12 (1H, 
30 dd, A 14.1, 9.6 Hz), 1.63-1.57 (5H, m); mfz (ES + , 70V) MH+ 473. 

EXAMPLE 32 

M e thvUfs^3-r4-f2.6.naphthvridin-l-vloxvlPhenvlV 2 -( 2 -/V./V-d i 'n- 

prnpvlamino-3.4-d ioxocvclobut-1-envlamino^proPanoic acid 

35 5 H (de DMSO) 9.41 (1H, s), 8.76 (1H, d, J 5.7Hz), 8.14 (1H, d, A 5.7Hz), 
8.07 (1H, d, A 5.7Hz), 7.74 (1H, d, A 8.9Hz), 7.67 (1H, d, J 5.8Hz), 7.33 
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(2H, d, J 8.5Hz), 7.18 (2H, d, J 8.5Hz), 5.23 (1H f m), 3.72 (3H, s), 3.37 
(5H,brm), 3.11 (1H, m), 1.48 (4H, br m), 0.80 (6H, t, J7.3Hz). 

EXAMPLE 33 

5 (5?U3-r4^2.6-Naphthvridin>1.vlQ^Dhenvn-242-NW-di-n-propvlamino- 
3 r 4-dioxocvclobut-1 -envlaminolpropanoic acid 

5 H (d 6 DMSO 350K) 9.41 (1, d, J 1.0Hz), 8.77 (1H d, J 8.7Hz), 8.14 (1H, d, 
A 5.7Hz), 8.11 (1H, d, J 5.7Hz), 7.67 (1H, dd, A 5.8, 0.9Hz), 7.35 (2H, d, A 
8.6Hz), 7.27 (1H, d, A 8.9Hz), 7.21 (2H, d, A 8.6Hz), 5.20 (1H, m), 3.47 
10 (4H, m), 3.33 (1H, dd, A 14.1, 4.8Hz), 3.13 (1H, dd, J 14.1, 10.0Hz), 1.55 
(4H, m), 0.86 (6H, t, A 7.4Hz). miZ (ES + , 70V) 489 (MH + ). 

EXAMPLE 34 

MAthvl.rj?U3>r4-r2-f2.6-dich>oroDhenvnethvnvnphenvlV2-r(2- 
15 isnproppxv-3.4-dioxo-1-cvclobutenvhamino1propanoate 

A mixture of the compound of Intermediate 34 (1.17g, 3.04mmol), 3,4- 
diisopropoxy-3-cyclobutene-1,2-diene (632mg, 3.19mmol) and DIPEA 
(540|jiI, 3.1mmol) in MeOH (30ml) was stirred at RT for 3 days. The solvent 
was removed in vacuo. The residue was dissolved in DCM, washed with 

20 dil. HCI, dried (Na2S04) and evaporated in vacuo. Column 
chromatography (Si0 2 ; MeOH/DCM, 3:97) gave the title pQmPQMnd as a 
yellow gum (1.45g, 98%). 6H (DMSO d 6l 390K), 8.47 (1H, d, J 7.9Hz), 
7.53-7.50 (3H, m), 7.38 (1H, dd, J 8.7, 7.5Hz), 7.33 (2H, d, A 8.2Hz), 5.21 
(1H, sept. J 6.2Hz), 4.78^.72 (1H, m), 3.72 (3H, s), 3.31 (1H, dd, J 14.2, 

25 5.2Hz), 3.13 (1H, dd, J 14.2, 9.4Hz), 1.38 (3H, d, J 6.1Hz). 1.37 (3H, d, A 
6.2Hz); nJz (ES + , 70V) 486 (M + +H). 

EXAMPLE 3$ 

M e thvl(^-344-r2-f2.6-dich>orophenvhethvnvnphenvlV2-r2- 
30 propvlamino-3.4-dioxocvclobut-1-envlaminQlpropanQate 

Propylamine (96^1, 1 .18mmol) was added to a solution of the compound of 
Example 34 (475mg, 0.98mmol) in MeOH (10ml). The reaction mixture 
was stirred at RT overnight. Volatlles were removed in vacuo and the 
resulting solid triturated with boiling MeOH. The solid was filtered off to 
35 give the title compound as a white solid (335mg, 71%). 8H (DMSO-d 6> 
390K) 7.57-7.53 (4H, m), 7.44-7.40 (1H, m), 7.33 (2H, d, A 8.3Hz), 7.3 
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(1H, br m) 7.2 (1H, br m), 5.10 (1H, m), 3.76 (3H, s), 3.54-3.49 (2H, m), 
3.30 (1H, del, A 14.1, 5.9Hz), 3.18 (1H, dd, J 14.1, 7.7Hz), 1.60 (2H, sept. J 
7.1Hz), 0.95 (3H, t, J7.4Hz); mlz (ES + , 70V) 485 (M + +H). 

5 FXAMPUE 3? 

(.9V3^4>r2-f2.6-D8chlorophenv»ethvnvnDhenvl>-2-(2-proPVlaming'3,4- 
riinxocvclobut-1 -envlaminotpropanoic acid 

Lithium hydroxide monohydrate (34mg, 0.81mmol) was added to the 
compound of Example 35 (325mg, 0.671 mmol) in a mixture of THF (7ml) 

10 and water (7ml). After 1h at RT the THF was removed in vacuo. The 
aqueous residue was acidified (pH 1-2, dil. HCI) and the precipitated 
filtered off, washed with water and dried to give the title qomppunti as a 
yellow solid (315mg, 90%). 8H (DMSO d 6 , 390K), 7.37-7.31 (4H, m), 7.21 
(1H, dd, A 8.6, 7.5Hz), 7.14 (2H, d, A 8.4Hz), 7.1 (2H, br m), 4.82 (1H, m), 

15 3.33-3.29 (2H, m), 3.11 (1H, dd, J. 14.1, 5.7Hz), 2.98 (1H, dd, A 14.1, 
7.6Hz), 1 .39 (2H, sept. A 7.1 Hz). 0.75 (3H, t, A 7.4Hz); mfc (ES + , 70V) 471 
(M + +H). 

FXAMPLE 37 

20 Mpfhvl f^-3-/4-r2-f2.6-dich lnrnphenvnethvnvnphenvl>-2-f2W^- 
dtethvlamino-3.4-dioxocvclob uNl-envlammo^propanoate 

A mixture of the compound of Example 34 (470mg, 0.969mmol) and 
diethylamine (401^1, 3.88mmol) in MeOH (10ml) was heated at 50°C 
overnight. The solvent was removed in vacuo and the residue purified by 
25 column chromatography (Si0 2 ; MeOH/DCM, 5:95) to give the iiile 
compound as a light brown foam (450mg, 93%). 6H (DMSO d 5 , 390K), 
7.55-7.50 (4H, m), 7.42-7.35 (3H, m), 7.16 (1H, d, A 8.5Hz), 5.63 (1H, m), 
3.74 (3H, s), 3.55 (4H, q, J 7.1Hz), 3.34 (1H, dd, A 14.2, 5.3Hz), 3.20 (1H, 
dd, A 14.2, 9.4Hz), 1.17 (6H, t, A 7.1Hz); mfc (ES+, 70V) 499 (M + +H). 

30 

FXAMPLE 38 

/S)-3-/4-r2-f2.6-Dichloronhenvnethvnvnr?henvlV2-(2-/V./V- 
diBthvtamino-3.4»dioxocvclobuM-envlamino^propanoic acid 
Obtained as an off-white solid from the compound of Example 37 by ester 
35 hydrolysis using the method described above for Example 36. 8H (DMSO- 
d 6 , 390K), 7.42-7.37 (4H, m), 7.29-7.24 (3H, m,), 6.91 (1H, br d, A 8.7Hz), 
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3.43 (4H, q. A 7.1Hz), 3.22 (1H, dd, J 14.2, 5.1Hz), 3.06 (1H. dd, J 14.2. 
9.4Hz), 1 .04 (6H, t A 7.1 Hz). m/Z (ES\ 70V) 485 (M + +H). 

The compounds of Examples 39 to 44 were prepared from rnethyl-(S)-3- 
5 (4-aminophenyl)-2-(A/-t-butyloxycarbonylamino)propanoate and the 
appropriate reagent in a similar manner to that described for Intermediate 
3 then derivatised in a manner analogous to that described for Examples 
1,2 and 3. 

10 SAMPLE 39 

^^.fd.m«>n7x/lcarb 1? yamirio>phenvn-2-f2-/l-PrODVlaminP-3.4- 
fflageatcjahufcj -envlaminolpropanoic acid 

5 H (de DMSO 390K); 9.25 (1H, s), 7.86 (1H, s), 7.44 (2H. d, A 8.4Hz), 7.40- 
7.15 (5H, m). 7.08 (2H, d, J 8.4Hz), 7.0 (1H. d, A 8.0Hz). 4.94 (1H, br s). 
15 3.62 (2H, s ). 3.47 (2H. nr m). 3.14 (1H. dd, J 14.1. 5.7Hz), 3.04 (1H, dd, J 
14.1, 6.8Hz), 1.57 (2H, dd, A 14.3, 7.1Hz), 0.92 (3H. t. A 7.3Hz); m!Z (ES+. 
70V) 436 (MH + ). 

EXAMPLE 40 

20 fSl.a-f4W2.4. e -TriflimrnhenrYl? m>nft V hBnvll - 242 - n - nronvlamlnp - 314 ' 
rtfryfrevclobut-l-eiwlaminolpropanoicacid 

8 H (d 6 DMSO 390K) 7.88 (1H, s). 7.12 (1H. br s). 6.97 (1H. br s), 6.92 
(2H, d, i 8.3Hz), 6.78 (2H, nr m), 6.58 (2H, d, A 8.3Hz). 4.89 (1H. br s)m 
4.27 (2H, s), 3.46-3.48 (2H, nr m), 3.04 (1H, dd, A 14.18. 5.7Hz), 2.95 (1H. 
25 dd, A 14.2. 6.68Hz), 1.62-1.53 (2H, Nr m), 0.92 (3H, t, A 7.38Hz); mil 
(ES + , 70V), 462 (MH + ). 

FYAMPLE 41 

(<;i.3.r4-(2.6-Dichlfirobt>nz\/la mino^phenvn-2-f2-n-ProPVlaminP-3.4- 
30 rfin«ncvclob uMenvlaniinf?)prnpanoic acid 

5 H (d 6 DMSO) 7.26 (2H, s). 7.17 (1H. d, i 7.3Hz), 7.14 (1H, br s), 6.95 
(1H, br s), 6.8 (2H, d, J 8.4Hz), 6.5 (2H, d, A 8.47Hz), 4.70 (1H, br s), 4.31 
(3H, s), 3.13 (2H, m). 2.89 (1H, dd, A 14.2, 5.6Hz), 2.79 (1H, dd. A 14.2, 
7.1Hz), 2.85 (1H, br s), 1.44 (2H, dd, A 14.2, 7.1Hz), 0.76 (3H, t, J7.4Hz); 
35 m/z(ES + , 70V)476(MH + ). 



WO 00/73260 



PCT/GBOO/02020 



67 

EXAMPLE 42 
ttt-3-r442.4.6-Trichlor Q ^^ 

diPX9gycl9but-1-enYlamin9)prgpan9ic acid 

5 H (d 6 DMSO) 7.55 (2H, s),7.23 (1H f br s), 7.09 (1H, br d ( 1 8.4Hz), 6.96 
5 (2H, d, J 8.4Hz), 6.66 (2H, d, J 8.5Hz), 4.90 (1H, br s), 4.44 (2H, s), 3.48 
(2H, m), 3.07 (1H, dd, i 14.1, 5.5Hz), 2.95 (1H, dd, i 14.2, 7.2Hz), 1.60 
(2H, dd, J 14.3, 7.0Hz), 0.93 (3H, t, J 7.4Hz); m/Z (ES + , 70V) 509 (MH + ). 

EXAMPLE 43 

0 ^)^-r4-f3-ChlorothiQDhen^-vl^ a rbQxamido^phenvn-2-f2-n> 
prQDvlamino-3.4-dioxocvclobut-1-envlamino^Dropanoic acid 

6 H (d 6 DMSO) 9.50 (1H,s), 7.79 (1H, d, J 5.2Hz), 7.57 (2H, d, J 8.4Hz), 
7.21 (2H, d ,J 8.4Hz), 7.12 (1H, br s), 7.11 (1H, d, J 5.2Hz), 4.96 (1H, br 
s), 3.49 (2H, m), 3.25-3.02 (2H t m), 1.59 (2H t dd, J 14.3, 7.1Hz), 0.93 (3H, 
5 t, J 7.4HZ), mlZ (ES*. 70V) 461 (MH + ). 

EXAMPLE 44 

^)-3-r4-f3-Chlorobenzo[b]thiophe n-2-vlcarfaoxamido>phenvn-2-(2-/i- 
prQPv1amino-3.4-dioxocvctobut-1-envlamino^DroDanoic acid 

0 6 H (de DMSO, 400K) 9.98 (1H, s), 8.07 (1H, nr, m), 7.94 (1H, nr m), 7.6 
(5H, m), 7.23 (2H, d f J 8.4Hz), 7.1 (1H, br s), 4.98 (1H, br s), 3.5 (2H, m), 
2.35 (1H, dd, J 14.2, 5.7Hz), 3.3 (1H, dd, J 14.2, 5.7Hz), 1.59 (2H r hex, J 
7.3Hz), 0.94 (3H, t, J 7.3Hz). m/Z (ES*, 70V) 512 (MH + ). 
The compounds of Examples 45 to 47 were prepared from methyl (S)-3-(4- 

5 aminophenyl)-2-(/\/-t-butoxycarbonylamjno)propanoate and the appropriate 
reagent in a similar manner to that described for Intermediate 6 then 
derivatised in a similar manner to that described for Examples 11,13 and 
14. 

0 EXAMPLE 45 

rS)-3>r4WPvrimidin-2-vlamino^phenvl%2-(2-^propvlamino-3,4- 
dioxocvclobut-1 -enylamino)propanoic acid 

5 H ( (d 6 DMSO, 390K) 8.86 (1H, br s), 8.41 (2H, d, J 4.8Hz), 7.64 and 
7.62 (2H, dd, J 1.8, 1.4Hz), 7.15 (1H, br s), 7.12 (2H, d, J8.6Hz), 6.77 (1H, 
5 t, J 4.8Hz), 4.93 (1H, br s), 3.48 (2H, t, i 6.8Hz), 3.18 (1H, dd, J 14.1, 
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5.5Hz), 3.05 (1H, dd, J 14.2, 7.3Hz), 1.58 (2H, dd. J 14.2, 7.0Hz), 0.92 
(3H. t. J 7.4HZ), m/z (ES + , 70V) 396 (MH*). 

FXAMPLE 46 

5 (SW3-f4-rf2.B*»n7vl-6-chlom pvrimiriin-4-vnaminolDhenvlV2-ir2-/tf.ftf- 
ripthvlamino-3.4-dioxocyclobu t-1-envnamino>propanoic acid 

8H (DMSO, 370K) 9.40 (1H, s), 7.48 (2H, d J2.3Hz), 7.38 (4H, s), 7.35- 
7.25 (2H, m), 7.24 (2H, d, J 8.5Hz), 6.64 (1H, s), 5.15 (1H. br s). 4.07 (2H, 
s), 3.60 (2H, q, J 7.2, 4.7Hz). 3.3 0(1 H, dd, J 14.2, 4.9Hz), 3.10 (1H, dd. J 
10 14.1, 9.4Hz), 12 (6H, t, J 7.1Hz); m/Z(ES + , 70V) 534 (MH*). 

FYAMPIF 47 

(.^-■Vr4.fQuinQlin-4.vlamino^ph pnvlV2-fr2./tf.A/-diethvlamino-3.4- 
ti jpxo-1-cvclobutenvr| amino , Vpropanpic acid 

15 8H (DMSO, 390K) 8.48 (1H, d, J 5.2Hz), 8.39 (1H, d, J 7.1Hz). 7.93 (1H, 
dd, 1 8.4, 0.8Hz), 7.71 (1H, d. J 5.4Hz). 7.54-7.50 (1H, m), 7.32 (2H, d, J 
8.4Hz), 7.24 (2H, d, J 8.5Hz), 6.83 (1H. d. i 5.2Hz). 4.68 (1H, m), 3.70- 
3.50 (4H, m), 3.32 and 3.29 (1H, dd, J 13.8, 5.5Hz), 3.24 and 3.21 (1H, dd, 
J 13.8, 6.3Hz), 1.23 (6H. t, J 7.2Hz), m/Z (ES + , 70V). 459 (MH*). 

20 

The compounds of Examples 48 to 55 were prepared from W-BOC-L- 
tyrosine methyl ester and the appropriate reagent in the manner described 
for Intermediate 24 then derivatised in a manner analogous to that 
described for Examples 12 to 14. 

25 

FXAMPLE 48 

WlPthvl tSt-3-r4-f2.6-nichlorobe n7vloxv>Dhenvn-2-(2-W.W-diethvlaming- 
3 , 4-dioxocvclob iit-l.envlaiTiinotoropanoate 

5H (DMSO ds) 7.71 (1H, d, J 9.0Hz), 7.55-7.52 (2H, m), 7.47-7.42 (1H. d). 
30 7.18 (2H, d, J 8.7Hz), 6.95 (2H, d, J 8.7Hz), 5.17 (2H, s), 5.15 (1H, m). 
3.70 (3H, s). 3.55 (4H, br), 3.20 (1H, dd. A 4.6Hz). 3.01-2.93 (1H, m), 1.07 
(6H, t, J 7.1Hz); mfz (ES + , 70V) 505 (MH + ). 

FXAMPLE 49 

35 (<;>-t.r4-(2.6-Dir.hlnmhRn7V lnyvtnhfinvn-2-(2-/V./V-diethvlaminO-3.4- 
riinxocvclobut-1-e nylaminolpropanoic acid 
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8H (DMSO d 6 ) 13.08 (1H, br), 8.31-8.24 (2H, m), 8.22-8.04 (1H, m), 8.02 
(2H, d, J 8.8Hz), 7.77 (2H, d.J 8.7Hz), 6.07 (2H, s), 7.70 (1H, br), 5.95 (1H, 
br m), 4.49-4.40 (4H, m), 4.05 (1H, dd, A 14.3, 5,1Hz), 3.89 (1H, dd, A 
14.2, 9.1Hz), 1.97 (6H, t, A 7.1Hz); ffite (ES+ 70V) 491 (MH + ). 

5 

EXAMPLE 50 

Methvl rSU3-r4^2.6- dichlorobenz vlQxv1phenvn-2-(2>propviamino-3.4- 
dioxocvclobut-1-envlamino)propanoate 

5H (DMSO d 6 ) 7.60 (1H, br), 7.56 (2H, m), 7.47-7.42 (1H, m,), 7.09 (2H, 
10 d, J 8.3Hz), 6.97 (2H, d, J 8.7Hz), 5.17 (2H, s), 4.99 (1 H, m), 3.70 (3H, s), 
3.70 (2H, m), 3.12 (1H, dd, J 5.2 partly obscured), 1.54-1.47 (2H t m), 0.86 
(3H, t, J7.4Hz). m'2 (ES, 70V) 491 (MH + ). 



EXAMPLE 51 

15 f^-3-r4>f2.6-Dichlorobenzvloxv^phcnvn-2-r2-proPvlamino-3.4- 
djoxocyclobuM -enYiamino)prop^nQiP id 

6H (DMSO d 6 , 390K), 7.42-7.40 (2H, m), 7.35-7.31 (1H, m), 7.09 (1H, br), 
7.08-7.06 (2H, m), 6.89-6.86 (2H, m) ,5.17 (2H, s), 4.82 (1H, br), 3.39-3.38 
(2H, m), 3.09 (1H, dd, J 14.2, 5.6Hz), 2.96 (1H, dd, A 14.2, 7.4Hz), 1.52- 
30 20 1 .47 (2H, m), 0.84 (3H, t, A 7.4H 3 ); miZ (ES + , 70V) 477 (MH+). 

EXAMPLE S3 

Methvl rS^3-r4-r2~pvrimidinvloxv)phenvn-2-(2-yV.A/-dtethvtamino-3.4- 
35 dioxocvclobuM-envlaminolpropanoate 

25 5H (DMSO d 6> 390K) 860 (2H, d, J 4.8Hz), 7.31 (2H, d, A 8.6Hz,), 7.20 
(1Ha, t, i 4.8Hz). 7.10 (2H, d, A 8.6Hz), 5.28-5.23 (1H, m), 3.74 (3H, s), 
3.56 (4H, q, J. 7.1Hz), 3.31 (1 H, dd, A 14.3, 5.4Hz), 3.17 (1H, dd, A 14.2, 
40 9.2Hz), 1.17 (6H, t, J 7. 1 Hz); m/Z (ES + , 70V) 425 (MH + ). 

30 EXAMPLE S? 

/ r S)-3>r4-f2-Pvrimidinvloxv^phenvn-2>f2^.A/-diethvlamino-3.4- 
45 dioxocvclobut-1-envlamino)propanoic acid 

5H (DMSO d 6 , 390K) 13.10 (1H, br), 8.60 (2H, d, A 4.8Hz), 7.31 (2H, d, A 
8.7Hz), 7.20 (1H, d, J 4.8Hz), 7.09 (2H, d, J 8.7Hz), 6.97 (1H, br), 5.18- 
35 5.17 (1H, m), 3.60-3.59 (4H, m), 3.31 (1 H, dd, J 14.3, 5.2Hz), 3.16 (1H, dd, 
so A 14.3, 9. 1 Hz); mlZ (ES + , 70V), 41 1 (MH + ). 
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EXAMPLE 54 

MBth V lfSW3-r4-(2-Pvri m iriinvloxvtehenvn-2-(2-DrQPVlaming-3.4- 
riinxocvclobut-1-e nvlamino>propanoate 

5 5H (DMSO d 6 , 390K) 8.61 (2H, d, J 4.8Hz), 7.70 (1H, br), 7.55 (1H, br), 
7.26-7.19 (3H, m), 7.10 (2H, d, i 8.5Hz), 5.02 (1H. m). 3.71 (3H, s), 3.44 
(2H, br), 3.18 (1H. dd, A 14.0, 5.4Hz, CUaHbAt), 3.08 (1H, dd, i 14.0, 
8.0Hz, CHaHbAt), 1.54-1.46 (2H, m, NHCH 2 CU2CH 3 ), 0.86 (3H, t. A 7.4, 
NCH2CH2CM3); mlZ (ES + , 70V) 411 (MH + ). 

10 

FXAMPLE 55 

(<;t.a.r4-f2-Pvrimidinv»o»vtohenvn-?-f?-nroPvlamino-3.4- 
dioxocvclobut-1-envla minolpropanoic acid 

8H (DMSO d 6 , 390K) 8.67 (2H, d, J 4.8Hz), 7.33 (2H, d, A 8 6Hz), 7.27 
15 (1H, d, A 4.7Hz), 7.16 (2H, d, J 8.6Hz), 5.06-5.02 (1H, m), 3.58-3.53 (2H, 
m), 3.31 (1H, dd, J 14.3, 5.6Hz), 3.18 (1H, dd, i 14.2, 7.5Hz.), 1.67-1.62 
(2H, m). 0.99 (3H, t, A 7.4Hz); mfc (ES + , 70V) 397 (MH + ). 

FXAMPLE 56 

20 Methvl rS1-3-f4.p3-phen v l-1-auinazolinvl>aminPlPhenYlVf( 2 - 
isnpropoxv-3.4-diQxocvclobu t-1-cnv»amino1propanoate 

Intermediate 18 (518mg, 1.3mmol) was dissolved in MeOH (5ml) and 
DIPEA base (0.5ml), treated with 3,4-diisopropoxy-3-cyclobutene-1,2- 
dione (309mg) and stirred at RT for 16h. The solution was concentrated, 

25 dissolved in DCM (20ml), washed with water, dried (Na 2 S04), filtered and 
concentrated. The crude product was purified by column chromatography 
(Si0 2 :CH 2 Cl2/MeOH 50:1) to give the title compound (550mg, LOmmol, 
79%) as a brown foamy solid. 6H (DMSO) 8.44 (1H, m), 8.43 (2H, m), 
7.80 (2H, m). 7.75 (2H, m), 7.50 (2H, m), 7.49 (2H, m), 7.33 (2H, d. A 

30 8.6Hz), 5.23 (1H, septet, J 6.2Hz), 4.80 (1H. m), 3.76 (3H, s), 3.30 (1H, dd, 
A 14.2, 5.3Hz), 3.13 (1H, dd, i 14.2, 9.3Hz). 1.38 (3H, d, A 6.2Hz), 1.37 
(3H, d. A 6.2Hz); m>Z (ESI, 70V) 537 (MH + ). 



EXAMPLE S7 

35 Mfithvl(S)-3-f4.r(7-phenvl. 4.qiiinazolinvHamino1phenvn-r2-M.W- 
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The compound of Example 56 (550mg, LOmmol) and diethylamine 
(0.21ml) in MeOH (5ml) was stirred at RT for 16h and the solution then 
concentrated. The residue was purified by column chromatography (S1O2; 
DCM/MeOH 100:1 ) to give the title compound (375mg, 0.68mmol, 68%) as 
5 a brown foamy solid. 5H (DMSO, 390K) 8.45 (3H, m), 7.85 (4H t m), 7.56 
(1H, m), 7.48 (3H, m), 7.35 (2H, d, J8.7H, 5.33 (1H, m), 3.76 (3H, s), 3.56 
(2H, q, J 7.2Hz), 3.54 (2H, q, J 7.2Hz), 3.33 (1H, dd, J 14.2, 5.3Hz), 3.20 
(1H, dd, A 14.2, 9.2Hz), 117 (6H, t, J 7.1Hz); m/z; (ES + , 70V) 550 (MH + ). 

10 EXAMPLE 58 

(.9)-3^4-rf2-Phenvl-4 ^mnazo1i^ 

3 4.riioxo-1-cvclobutenvnamino1oropanoic acid 

Example 57 (360mg, 0.66mol) was dissolved in THF (2ml) and water (2ml) 
and treated with lithium hydroxide (41 mg). The solution was stirred at RT 

15 or 90 mins and concentrated. The residue was dissolved in water and 
slowly acidified to pH2 with dilute hydrochloric acid to give a yellow 
precipitate which was filtered and dried to give the tills CPmPQUnti (237mg, 
67%). 6H (DMSO d 6 ) 9.75 (1H, br m), 8.60 (1H, d, J 8.7Hz), 8.43 (2H, m), 
7.92 (4H, m), 7.62 (1H, m), 7.52 (3H, m), 7.38 (2H, d, J 8.6Hz), 5.21 (1H, 

20 m), 3.57 (2H, q, J 7.1Hz), 3.55 (2H, q, 1 7.1Hz), 3.3 (1H, dd, i 14.1, 
4.6Hz), 3.15 (1H, dd, J 14.1, 10.1Hz), 1.14 (3H, t, i 7.1Hz); mft (ES + , 
70V) 536 (MH + ). 

The compounds of Examples 59 to 64 were prepared from methyl-(S)-3- 
25 (4-aminophenyl)-2-(^/-t-butoxycarbonyl)aminopropanoate and the 
appropriate quinazoline in a manner similar to that described for 
Intermediate 18 and then derivatised in a manner similar to that described 
for Examples 56, 57 and 58. 

30 FXAMPLE $9 

MethvlVS)-3-r4WQuinazo>in^-v^ ^ 
3.4-dioxocvc1obut-1-envlaminolDropanoic acid 

6 H (CDCI 3 ) 8.73 (1H, s), 8.0 (1H, d, J 8.5Hz), 7.91 (1H, d, J 8.3Hz), 7.83- 
7.54 (6H, m), 7.15 (2H, d, J 8.5Hz), 5.41 (1H, br s), 3.8 (3H, s), 3.70-3.35 
35 (4H, br m), 3.35-3.15 (2H, m), 1.23 (6H, t, i 7.2Hz); mft (ES + , 70V) 474 
(MH + ). 
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FXAMPLE W 

10 ^l.a.r4.fQ U in a 7olin-4. V | a minotnhenvl1.2-(2-/tf.W-diethVlaminP-3.4- 
HinYocvclobut-1-envlaminotoropanoic acid 
5 5 H (de DMSO, 390K) 8.62 (1H. s), 8.55 (1H. d, i 8.8Hz), 7.90-7.82 (5H. 
m), 7.66-7.62 (1H, nr m), 7.34 (2H, d. J 8.5Hz), 7.09 (1H, br s), 5.25 (1H. 
br s), 3.64-3.56 (4H, m), 3.35 (1H, dd. J 14.2. 5.1Hz), 3.20 (1H, dd, J 14.2. 
9.1Hz). 1.23 (6H, t, J 7.15Hz); m/z(ES + , 70V) 460 (MH + ). 



15 



20 



25 



10 FXAMPLE 61 

(«;).^.rfR7.nim«thovx/miin a 7-olin.4-vhaminolphenvlV2-a2-/V./V- 
riiBth</lamino.3.4-din«n.l.rvfilobiitftnvllaminolPropanoiC acid 

8H (CDCI 3 ) 9.39 (1H, s), 8.41 (1H. s), 7.81 (1H,s ), 7.67 (3H. dd. J 8.5, 
3.8Hz), 7.25 (2H, d. J. 8.4Hz). 7.16 (1H, s), 5.12 (1H, br s), 3.93 (3H. s). 
15 3.91 (3H, s), 3.60-3.40 (4H, m), 3.20-2.90 (2H, m). 1.09 (6H, t, J 7.0Hz); 
mlZ (ES\ 70V) 520 (MH+). 



FXAMPLE 62 

<^.^4-f<6.7- nim«.thoyvouin ay olin^-vltaminolDhenvn2-^r2-n- 
30 20 proDvlaminQU3.4-dioxo-1 -cvclobutenvnamlno>prQPanoicacid 

6H (DMSO) 9.40 (1H, s), 8.42 (1H, s), 7.81 (1H, s), 7.70 (1H, s). 7.66 
(2H, d, J 8.3Hz), 7.16 (2H, d, J 7.9Hz), 7.15 (1H. s), 4.82 (1H, br s), 3.93 
(3H, s). 3.91 (3H, s), 3.6-2.9 (4H, m), 1.49 (2H. dd, J 14.1, 7.0Hz), 0.86 
35 (3H, t. J 7.3HZ); mfc (ES + , 70V) 506 (MH + ). 

25 

FXAMPLE 63 

Mpfhvl f.s\.3.r4.f6 .mBtho«vouina 7 nlin^.vlaminolPhenvl1-2-(2-W.W- 
40 Hiftthvlamino -3 d-HlnYnKvHnhiiM^nvlaminotpropanoate 

8 H (CDCI3) 8.65 (1H, s), 7.83 (1H, d, J 9.1Hz), 7.69 <3H, s, d, J 8.0Hz). 
30 7.45 (1H, dd, J 9.2, 2.6Hz). 7.13 (2H, d, J 8.5Hz), 5.40 (1H, br s), 3.95 (3H, 
s), 3.79 (3H, s), 3.6-3.41 (4H, br m), 3.48 (1H, dd, A 14.1, 5.5Hz), 3.22 (1H, 
45 dd, J 14. 1 , 7,0Hz), 1 .29 (6H, t, J 7.2Hz); mlZ (ES + , 70V) 504 (MH + ) 

FXAMPLE 64 

35 i.^-3-r4-f6-Methr>xvniiinaz nlin.4.vlaminn)phfinvn-2-f2-ftf.W- 
50 diethvlamin o -3.4^ioxocvclobut.1^nvlamirio^propanoicacid 
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6 H (cfe DMSO, 370K); 9.35 (1H, br s), 8.40 (1H, s) t 7.89 (1H, d, J2.7HZ, 
7.54 (2H, d, J 8.6Hz), 771 (1H, s), 7.49 (1H, d, 1 2.7Hz), 7.28 (2H, d, J 
10 8.5Hz), 7.15 (1H, br s), 5.14 (1H, br s), 3.97 (3H, s), 3.42-3.6 (4H, m), 3.28 

(1H, dd, i 14.1, 4.9Hz), 3.60-3.42 (4H, m), 3.28 (1H, dd, J 14.1, 4.9Hz), 
5 3.14 (1H, dd, J 14.1, 9.2Hz), 1.16 (6H, t, J 7.1Hz); mil (ES + , 70V) 490 
(MH + ) 

15 

The compounds of Examples 65 to 68 were prepared from Intermediate 32 
in a manner similar to that described for Examples 56 to 58. 

10 

20 EXAMPLE 6$ 

Methvl a^-r fS.T-dimethvoxv^-Qulnazolinvnqminol^- 

methoxvphenvlV2-f2-proDvlamino>3.4>diox ocvclobut-1- 

efwlaminolpropanoate 

15 5H (DMSO d 6 , 390K) 8.54 (1H, br s), 8.38 (1H, s,), 7.75 (1H, d, J 7.8Hz), 
25 7.66 (1H, s), 7.34 (1H, br d i 8.5Hz), 7.25 (1H, br s), 7.20 (1H, s), 6.97 

(1H, d, J 1.9Hz), 6.85 (1H, br s), 5.15-5.09 (1H, m) t 3.97 (3H, s), 3.96 (3H, 
s), 3.78 (3H, s), 3.76 (3H, s), 3.52-3.47 (2H, m), 3.26 (1H, dd, i 14.1, 
5.6Hz), 3.12 (1H, dd, J 14.1, 8.0Hz), 1.59 (2H, sext, J 7.2Hz), 0.93 (3H, t, J 
30 20 7.4Hz); m/Z (ES + 70V) 550 (MH + ). 



EXAMPLE <?6 

344-rf6.7-Dimethoxv-4-auin a?oHnvUaminnU3-methoxvphenvn2-r2- 
35 propvlamino-3.4-dioxocvc1obuM -envlam inotprooanoic acid 

25 5H (DMSO d 6 , 390K) 8.38 (1H, s), 7.73 (1H, d, J. 8.0Hz), 7.66 (1H, s), 
7.27 (1H, br s), 7.20 (1H, s), 6.99 (1H, d, 1 1.8Hz), 6.87 (1H, dd, J 8.0, 
1.9Hz), 5.02 (1H, m), 3.97 (3H, s), 3.96 (3H, s), 3.83 (3H, s), 3.49 (2H, q, J 
40 6.3Hz), 3.27 (1H, dd, J 14.1, 5.4Hz), 3.11 (1H, dd, J 14.1, 7.8Hz), 1.59 

(2H, sext. J 76.2Hz), 0.93 (3H, t, J 7.4Hz); m/Z (ES + , 70V) 536 (MH + . 

30 

EXAMPLE 67 

45 Methvl 3-l4-rr6.7-dimethoxv-4-Quina?olinvnamino1-3-methoxvphenvll- 

2.r2-Ay./V-diethvlamino-3.4-dioxocvclobuM-envlamino)propqnoate 

5H (DMSO d 6 , 390K) 8.33 (1H, br s), 8.15 (1H, s), 7.51 (1H, d, J 8.1Hz), 
35 7.44 (1H, s), 6.98 (1H, s), 6.92 (1H, d, J 9.0Hz), "6.82 (1H, d, J 1.Hz), 6.69 
50 (1H, dd, J 8.0, 1.9Hz), 5.15-5.09 (1H, m), 3.76 (3H, s), 3.75 (3H, s), 3.61 
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(3H, s), 3.55 (3H, s), 3.35 (4H, q, A 7.1Hz), 3.11 (1H, dd, A 14.2, 5.1Hz), 
2.94 (1H, dd, A 14.2, 9.5Hz), 0.96 (6H, t, J 7.1Hz); mte (ES + , 70V) 564 
(MH + ). 

5 FYAMPLE 68 

^4-f/6.7-Dimethoxv ^-niiina2olin V naminQU3.methoxvDhenvlV2-(2- 
/y. /y-Hiftthvlamino^^-dioxocvc lobuM.envlaminolpropanoic acid 

8H (DMSO d 6 ,390K), 8.49 (1H, s,), 7.97 (1H, brs), 7.51-7.49 (1H, m), 7.38 
(1H, s), 7.21 (1H, brd), 7.12 (1H, s), 6.96 (1H, dd, J 7.9, 1.3Hz), 5.28-5.25 
10 (1H, m), 4.00 (6H, s), 3.81 (3H, s), 3.58 (1H, q, J 7.1Hz), 3.35 (1H, dd, J 
14.2, 4.8Hz), 3.20 (1H, dd, J 14.2, 9.7Hz), 1.18 (6H, t, A 7.1Hz); m!z (ES + , 
70V) 550 (MH + ). 

EXAMPLE 69 

15 MethvlfSV3^rr6.7-dimethoxv-4-Quin azo1invl>amino1phenvl>-2-<2- 
torf hijtvl-3.4»dioxocvclobuM -envlammo1propanoate 

A mixture of methyl-(SH4-[(6,7-dimethoxy-4-quinazolinyl)amino]phenyl}-2- 
amino propanoate (332mg, 0.869mmol) and Intermediate 4 (171mg, 
0.87mmol) in MeOH (10ml) was heated at reflux for 5 days. The solvent 

20 was removed in vacuo. The residue was dissolved in DCM, washed with 
dil. HCI, dried (Na2S04) and concentrated In vacuo. Column 
chromatography (Si0 2 ; MeOH/DCM,7:93) gave the litis gpmPQUnd as a 
brown glass (275mg). 6H (DMSO d 6 ) 9.39 (1H, s), 8.62 (1H, br d), 8.40 
(1H, d, A 1.2Hz) A 7.81 (1h, s), 7.69-7.65 (2H, m), 7.22 (2H, d, A 8.5Hz), 

25 5.08 (1H, m), 3.94 (3H, s), 3.91 (3H, s), 3.74 (3H, s), 3.30 (1H, m), 3.02 
(1H, dd, A 13.5, 1 1.2Hz), 1.22 (9H, s); mfc (ES + , 70V) 519 <MH + ). 

EXAMPLE 70 

p ^ v u^n3-i4^3-chl or 0 -6 7>dimethoxv-4-auina7olinvhaminolPhenvlV 
30 2-[r2-isopropoxv-3.4>diox QcvclobuM-envhamino1propanoate 

Prepared in a similar manner to the compound of Example 56 from the 
Intermediate 45. 6H (CD 3 OD) 7.73 (2H, d, A 8.6Hz), 7.73 (1H, s), 7.27 
(2H, d, A 8.6Hz), 7.06 (1H, s), 5.28 (1H, m), 5.07 and 4.62 (1H, br), 4.23 
(2H, q), 4.00 (3H, s), 3.97 (3H, s), 3.35 (1H, m) 3.05 (1H, m), 1.40 (6H, d, A 
35 6.2Hz), 1.30 (3H,t, J7.3Hz). 
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pXAMPLE 71 

Pth»i^«;u3^4-ff3.chior o -fi7.riimethoxv4-auina2olinvnaminQlPhenYl)- 
7-p2-A/.A/-diethvlamino-3.4-diox nrvrlvbut-1-envlamino1 propanoate 
Prepared in a similar manner to the compound of the Example 57 from the 
5 compound of Example 70. 5H (CD3OD) 7.72 (1 H,s). 7.70 (2H, d, i 8.6Hz). 
7.29 (2H, d, J, 8.6Hz), 7.04 (1H, s ), 5.33 (1H, dd), 4.25 (2H, q, J 7.1Hz), 
3.99 (3H, s), 3.96 (3H, s), 3.58 (4H, br), 3.44 (1H, dd), 3.10 (1H. dd), 1.30 
(3H, t, J 7.1 Hz), 1.20 (6H, t, J7.2Hz). 

10 FXAMPLE 72 

f 1 ^.^4.K3-Chioro^.7 .riimftthoxv^-nuinazolinvnaminolPhenYl)-2-rf2- 
MM.riiftthmamlno.cvclohut-1-envnaminolnropanolcacid 
Prepared in a similar manner to the compound of Example 58 from the 
compound of Example 71. 8H (d 6 DMSO) 7.86 (1H,s ), 7.65 (2H, d, J 
15 8.6Hz), 7.31 (2H, d, J 8.6Hz), 7.16 (1H. s), 5.15 (1H, m). 3.97 (3H, s), 3.95 
(3H,s), 3.53 (4H, m), 3.20 (1H, m), 3.13 (1H, m), 1.50 (6H, t, J 7.1Hz). m/z 
(ES + ) 554 (MH + ). 

pyflMPLP 73 

20 ( 1 «f)-3^4.r(6.7-Dlmethoxv.4 .niiin a 7nllnvHamino1phenvlV2-(2-f-bUtVl-3.4- 
rtjftYnrvclnbut-1-envlaminolpropanoic acid 

Prepared in a similar manner to the compound of Example 58 from the 
compound of Example 69. 5H (DMSO cfe, 370K) 8.40 (1H, s), 7.94 (1H, d, 
J 9.2Hz). 7.83 (1H, s), 7.58 (2H. d, J 8.5Hz). 7.17 (2H, d, J 8.6Hz), 7.14 
25 (1H, s), 4.96-4.90 (1H. m), 3.89 (3H, s), 3.87 (3H. s), 3.22 (1H, dd, J 14.1, 
4.5Hz),3.04 (1H, dd, J 14.0, 10.2Hz), 1.17 (9H, s). m>Z (ES + , 70V) 505 
(MH*). 

EXAMPLE 74 

30 Fthvl.<^-3-<4- KS.mr>thvl-4-niiin a 7-olinvnamin0lPhenvl)-2-n2- 
isfipropoxv-3.4-dioxocvclobu t.1-envhamino1proPanoate 

Intermediate 38 (800mg, 2.3mmol) and 3,4-diisopropoxy-3-cyclobuten-1,2- 
dione (453mg, 1 equiv) were stirred at RT in anhydrous MeOH (5m) for 
17h. The solvent was removed in vacuo and the residue purified by 
35 column chromatography ( silica, 75:25 EtOAc-isohexane) to give the liile 
compound . 8H (DMSO 63; 350K), 8.70 (broad signal), 8.50 (1 H. s), 7.60 
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(4H, m), 7.30 (1H, d, J 7.0Hz), 7.20 (2H, d, J 8.4Hz), 5.20 (1H, m), 5.60 
(1H, broad s), 4.20 (2H, m), 3.20 (1H, m), 3.10 (1H, m), 3.00 (3H, s), 1.30 
(6H,d, J 6.2Hz), 1.20 (3H.m); m/Z (ES + , 70V) 489 (MH + ). 

5 FXAMPLE 75 

f=tt 1 Vl|SU344-r(5-meth vl^uina2olinvhamino1phenvn-2-rf2-/tf./tf- 
^ j f thyiamino-3.4-d ioxocvclobuM-envhaminolpropanQate 

The compound of Example 74 (250mg, 0.5mmol) and A/,A/-diethylamine 
were stirred at RT in anhydrous (5ml) MeOH for 17h. The solvent was 

10 removed in vacuo and the residue purified by column chromatography 
(silica; EtOAc to 95% EtOAc : 5% MeOH ) to isolate the title compound 
(2Q0mg) as an off-white solid. 8H (DMSO d 6 ), 8.60 (1H, s), 8.50 (1H, s), 
7.80 (1H, d, J 9.1Hz), 7.60 (4H, m), 7.40 (1H, d, J 7,0Hz), 7.20 (2H, d, J 
6.8Hz), 5.20 (1H, m), 4.00 (1H, m), 3.70 (3H, s), 3.50 (4H, broad signal), 

15 3.20 (1H. m), 3.00 (1H, m), 2.90 (3H, s), 1.20 (6H ( m). mfc (ES + , 70V) 
488 (MH*). 



FXAMPLE 75 

(^-f4-nS-Methv l^auma2oHnv»^minolDhenvl^2-rf2^./V- 
30 20 1i ffthy |amin °- 3 .4-dioxoc yclobuM -envnaminolpropanoic acid 

The compound of Example 75 (190mg, 0.3Bmmol) and lithium hydroxide 
monohydrate (19mg) were stirred in a solvent mixture of MeOH (3ml), THF 
(1 .5ml), and water (1 .5ml) for 17h. The solvent was removed in vacuo and 
35 the residue dissolved in water, the solution neutralised with HCI, 

25 concentrated in vacuo and the residue purified by column chromatography 
(silica; 200:20:3:2 DCM:MeOH:AcOH:H 2 0) to isolate the title compound 
as yellow solid. 8H (DMSO d 6 , 350K), 8.50 (1H, broad signal), 7.70 (3H, 
40 broad signal), 7.40-7.20 (3H, m), 5.10 (1H, m). 3.6 (4H, m), 3.30 (1H, m), 

3.10 (1H, m), 1.10 (6H, t, J 7.2Hz), m/Z (ES + , 70V) 474 (MH + ). 

30 

Also prepared in a similar manner to that described for Examples 75 and 
45 76 from the compound of Example 74 were the compounds of Examples 

77 and 78: 



35 FXAMPLE 77 

50 
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Mathvl <S>.3-<4-ffS.in Bthx/l^.nuina7nllnvhaminolDhftnvn-2-n2-/tf,<tf-di- 
n^ropvlamine.3.4.dloYor y clobut.1.envhaminolDropanoate 
8H (DMSO de, 350K), 8.50 (1H, broad s), 7.80-7.60 (4H, m), 7.40 (1H, rn), 
7.30 (2H, m), 5.30 (1H, m), 3.70 (3H, s). 3.50 (4H, m), 3.40 (1H, m), 3.20 
5 (1H, m). 3.10 (3H. s), 1.60 (4H, m), 0.90 (6H, t, J 7.4Hz), mfz (ES + , 70V) 
516 (MH + ) 

FXAMPLE 78 

l^.aW4.rf5.Methvl.4.o i l ina7nlinvHamin Q 1nh6nvH-2-rf2-/tf./tf.di-n- 
10 prftpvlamino.3.4-dioxocvclobut.1.envnamino1proDanoic acid 

8H (DMSO de, 350K), 8.70 (1 H, s), 7.80 (2H, m), 7.70-7.40 (3H, m), 7.40 
(2H, d, J 8.5Hz). 5.20 (1H, m), 3.60 (4H, m), 3.40 (1H, m), 3.20 (1H, m), 
3.00 (3H, s), 1.50 (4H, m), 0.90 (6H, t, J 7.3Hz), mil (ES + , 70V) 502 
(MH + ). 

15 

FXAMPLE 79 

Fthvi-f^-3-l4-fr6-/trifluo romfithoxvM.aijinazolinvnaminQ)phenvl1-2- 
fl?.isonroDoxv-3.4-dioxocvclobut-1-envh aminolDrooanoate 
Prepared in a similar manner to Example 74 from the compound of 
20 Intermediate 43. 8H (DMSO d 6 , 300K), 9.20-9.00 (1H, m), 8.70 (2H, m), 
8.00 (2H, m), 7.80 (2H, m), 7.30 (2H, m), 5.20 (1H, m), 5.00 (1H, m). 4.50 
and 4.20 (1H, 2, sets m), 3.80 (3H, m), 3.30 (1H, m). 3.00 (1H, m), 1.30 
(6H, m), m/2 (ES + , 70V) 545 (MH + ). 

25 FXAMPLE «P 

WlPthvl >St-3-f4-<r6.<triflLJorometh n y Y^-r l tiina70linvnamino^henvn-2- 
K2.Ay.W-diethvlamin o-3 4-dioxocvclbut.1-envnamino1propanoate 
Prepared from the compound of Example 79 in a similar manner to that 
described for Example 75. 6H (CD3OD), 8.50 (1H, s), 8.40 (1H, s), 7.90 
30 (1H, d, J 9.1Hz), 7.80 (1H, m), 7.70 (2H, d, J 8.6Hz), 7.30 (2H, d, J 8.6Hz), 
5.50 (1H, m), 3.80 (3H, s), 3.60 (4H, broad signal), 3.50 (1H, m), 3.10 (1H, 
m), 1.20 (6H, t, J 7.2Hz), mft (ES\ 70V) 544 (MH + ). 



EXAMPLE 81 

35 (SV3-(4-fr6-(Trifluorometh oxv>-4-auinagolinvnamino<phenvh-2-[(2- 
diethvlamino-3.4-dioxocvclobut- 1 •envMaminolpropanoic acid 
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Prepared from Example 80 in a similar manner to that described for 
Example 76. 6H (DMSO, 340K). 9.80 (bd s), 8.60 (2H, m), 8.00-7.70 (4H, 
m), 7.30 (2H f d), 5.20 (1H, m) f 3.50 (4H t m), 3.30 (1H, m), 3.10 (1H, m), 
1.20 (6H.t. A 7.1Hz) m/2 (ES+.70V) 544 <MH + ). 

5 

FXAMPLE 82 

M e thvUfS^3-r4-a6-ftrifiuoromethoxvM-Quinazotinvnamino^Dhenvn>2> 
p-itf A/-di-n-DroDvlamino-3.4>dioxocvclobuM-envnamino1 

prppanoate 

10 Prepared from the compound of Example 79 in a similar manner to that 
described for Example 75. 5H (CD 3 OD), 8.50 (1H, s), 8.40 (1H, broad 
signal), 7.90 (1H, d, J 9.2Hz), 7.85-7.70 (3H, m), 7.30 (1H, d, A 8.5Hz), 
5.40 (1H, m), 3.80 (3H, s), 3.60 (5H, broad signal), 3.10 (1H, m), 1.60 (4H, 
m), 0.90 (3H, t, J 7.4Hz), mlZ (ES + , 70V) 586 (MH+). 

15 

EXAMPLE 83 

f5^3-r4^r6-fTrifluoro methoxvM-quinazolinvnamino>Dhenvn-2-rr2- 
Ay.A/-di-n-proDvlamino-3.4-dioxocvclobut-1-enyl)amino'|proDarioic acid 
Prepared from the compound of Example 82 in a similar manner to that 
20 described for Example 76. 8H (DMSO d 6 , 350K), 9.70 (broad signal), 
8.60 (2H, m) t 7.90 (1H, d, A 9.2Hz), 7.70 (3H, m), 7.30 (2H, d, A 8.0Hz), 
5.20 (1H, m), 3.50 (4H, m), 3.30 (1H, m), 3.200 (1H, m), 1.60 (4H, m), 0.90 
(3H,t, J7.4Hz), m/2 (ES+.70V) 572 (MH + ). 

25 The compounds of Examples 84 to 89 were prepared in a similar manner 
to that described for the preparation of Intermediate 8 from A/-BOC-L- 
tyrosine methyl ester and the appropriate quinazoline and then derivatised 
in a manner similar to that described for Examples 56 to 58. 

30 EXAMPLE S4 

Methvl (S>-3-r4-f6.7-dimethoxvamnazolin-4-vloxv^Dhenvn-2-f2-/V.Af- 
diethvlamino-3.4-dioxocvclobuM-envlamtno)Dropanoate 

6 H (CDCI 3 ) 8.57 (1H, s), 7.54 (1H, s), 7.33 (1H, s), 7.25-7.17 (5H, m), 
5.55-4.9 (1H, m), 4.07 (6H, s), 3.83 (3H, s), 3.55-3.4 (5H, m), 3.31 (1H, dd, 
35 A 9.0, 5.5Hz), 1 .25 (6H, t, A 7.2Hz) ( m/^ (ES + , 70V) 535 (MH + ). 
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PIMPLE 85 

f«?)^-/il.»6.7.Dinnethoxvan ina7f>lln.4.vl^Yv1phen\/IV2./r2.Af.W- 
rtiftthylamlno.3.4-ditmt>.1.r :V r;lnhiitenvnamino\proPanoic Sfiid 

6H (d 6 DMSO, 370K) 8.58 (1H, s), 7.64 (1H, s). 7.44-7.40 (3H, m), 7.28 
(2H, d. J 8.5Hz), 5.23 (1H. br s), 4.06 (3H, s), 4.04 (3H, s), 3.66-3.56 (4H, 
m), 3.39 (1H, dd, J 14.1. 4.6Hz). 3.21 (1H, dd, J 14.1. 9.6Hz). 1.22 (6H. t, J 
7.1Hz). mfc (ES + . 70V) 521 (MH + ), 



FXAMPLE 86 

10 M«thvHS>.3.r4.>6.methoxv n„in a7 f>lin.4-vlnyvtohenvn-2-(2-/V.W-dl-/l- 
propvlamino-3.4-diox ocvclobut-1-enylaminotoropanoate. 

20 8 H (CDCI 3 ) 8.62 (1H, s), 7.95 (2H, d, J 9.0Hz), 7.59-7.54 (2H, m), 7.26- 

7.18 (3H, m), 5.47-5.42 (1H, m). 5.30 (1H, d, J 8.4Hz), 3.99 (3H, s), 3.83 
(3H, s), 3.60-3.10 (6H, m), 1.67-1.60 (4H, m), 0.92 (6H, t. i 7.4Hz); m/Z 
15 <ES + . 70V) 533 (MH+). 

25 

EXAMPLE 87 

^).3.r4.f6.Methox vn..in a 7olin-4-vln»v>nhenvl1.2-f2-W./V-di-n- 
prnpvlamino-3.4-dioxocvclobut-1 - envlaminotoropanoic acid 

30 20 (d 6 DMSO) 8.57 (1H. s), 7.92 (1H, d, J 10.0Hz), 7.65 (2H, d, J 7.3Hz), 7.37 

(2H, d. 1 8.7Hz), 7.24 (2H, d, J 8.6Hz), 7.09 (1H, br s), 5.13 (1H, br s), 
3.98 (3H, s), 3.59-3.39 (4H. m). 3.35 (1H, dd, J 14.5, 5.0Hz), 3.17 (1H, dd, 
J 14.1, 9.4Hz), 1.67-1.50 (4H, m), 0.87 (6H, t, 1 7.3Hz); m>Z (ES + , 70V) 

35 519 (MH + ) 

25 

FX AMPLE 88 

<S1-3-r4-f6-Methoxvauinazolin-4-vloxv1 phenvl1-2-(2-/i-proPvlaminQ-3.4-: 
40 riinxocvclobuM-envlaminolpropanoic acid 

8 H (ds DMSO, 370K) 8.59 (1H, s), 7.92 (1H, d, J 9.8Jz), 7.65 (2H, d, J 
30 7.3Hz), 7.35-7.24 (5H. m), 4.97 (1H, br s), 3.99 (3H, s), 3.50 (2H. t, J 
6.3Hz), 3.29 (1H, dd, i 14.0, 5.4Hz), 3.13 (1H, dd. J 14.1, 7.4Hz), 1.58 
(2H, dd, A 142, 7.1Hz). 0.92 (3H, t, J 7.4Hz); mfc (ES + , 70V) 477 (MH + ). 



EXAMPLE 89 

35 (??U3-f4-f6-MethoxvQuina7olin-4-vloxv ^phenvn-2-<2-/\?.W-diethvlaniino- 
.T<l.rfioxocvclobu t.1.envlaminn)prnpanoic acid 



55 



WO 00/73260 



PCT/GBOO/02020 



80 

6 H (DMSO, 370K) 8.58 (1H. s), 7.92 (1H, d, 1 9.9Hz), 7.65 (2H t d, A 
4.7Hz), 7.39 (2H, d, J 8.5Hz), 7.25 (2H, d, J 8.8Hz), 5.21 (1H, br s), 3.98 
(3H, s), 3.6-3.5 (4H, m) f 3.34 (1H, dd, J 14.2, 5.1Hz), 3.17 (1H, dd, J 14.1, 
9.9Hz), 1.17 (6H, t, J 7.1Hz); mte (ES + ,70V)461 (MH + ). 

5 

r^Ethvl-3-r4-fisoQuinolin-1-v iamino^Dhenvn-2-R2-isoproDOXV»3.4- 
dioxocvclobuM-envnaminolDropanoate 

A solution of Intermediate 10 (426mg, 1.27mmol) and 3,4-diisopropoxy-3- 
10 cyclobutene-1 ,2-dione (301 mg, 1 .52mmol) in absolute ethanol (5.0ml) was 
stirred at 40° under N2 for 18h. The volatiles were removed in vacuo and 
the residue chromatographed (Si02i 25-50% EtOAc/hexane) to afford the 
title compound as a pale orange foam (585mg, 97%). 8H (CDCI3) 8.04 
(1H,d, i 5.8Hz), 7.98 (1H, d, 1 8.4Hz), 7.72 (1H, d ( i 7.8Hz), 7.62 (1H, 
15 obscured m), 7.61 (2H, d, J 8.3Hz), 7.52 (1H, app.t, J 7.0Hz), 7.35 (1H, br 
s), 7.12-7.08 (3H, m), 6.60, 6.03, 5.13*and 4.59 (together 1H, m), 5.32 (1H, 
m), 4.24 (2H, q. J 7.1Hz), 3.25-3.01 (2H, br m), 1.39 (6H, d, J6.1Hz), 1.30 
(3H, t, J 7.1Hz); mfc (ES + , 70V) 474 (MH + ). 

30 20 EXAMPLE 91 

EthvlfS)-344^isoauinolin-1-vlamin^ 
3.4-dioxo-1 -cvclobutenvnaminolpropanoate 

A solution of the compound of Example 90 (585mg, 1.24mmol) and 
35 diethylamine (181mg, 225^1, 2.48mmol) in absolute ethanol (2ml) was 

25 heated at 50° under N 2 for 18h. The volatiles were removed in vacuo 
affording the title compound as a dull orange foam (520mg). 5H (CDCI3) 
8.05 (1H, d, i 5.8Hz), 7.96 (1H, d, J 8.3Hz), 7.75 (1H, d, J 7.6Hz), 7.65 
40 (1H, m), 7.63 (2H, d, J 8.5Hz), 7.55 (1H, app.t, J 7.0Hz), 7.23 (1H, br s), 

7.11 (1H, m), 7.10 (2H, d, i 8.5Hz), 5.39 (1H, narrow m), 4.25 (2H, q, J 
30 7.1Hz), 3.65-3.35 (4H, br m), 1.32 (3H, t, J 7.1Hz), 1.22 (6H, t, J 7.2Hz); 
m/z(ES + , 70V) 487 (MH + ). 
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example 92 

fSMWIsoaulnolln-1-vlamin^ 
35 dioxo-1-cvclobutenvnaminolpropa nolc acid 
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A solution of Example 91 (510mg, 1.05mmol) and LiOH.H 2 0 (53mg, 
1.26rnmol) in water (8ml) and dioxan (8ml) was stirred at room temperatue 
for 1.5h. Several drops of AcOH were added and the volatiles were 
removed in vacuo. The residue was chromatographed [silica, DCM (200- 

5 120), MeOH (20), AcOH (3), H 2 0(2)]. Freeze-drying from aqueous MeOH 
afforded the title comound as a pale yellow amorphous solid (230mg, 
48%). 6H (d* DMSO) 9.07 (1H, br s), 8.49 (1H, d, J 8.3Hz), 7.95 (1H, d, J 
5.7H), 7.79-7.75 (3H, m's), 7.70-7.64 (2H, m's), 7.58 (1H, td, J 8.3, 1.3Hz), 
7.20 (2H, d. J 8.4Hz), 7.13 (1H, d, J 5.6Hz), 5.11 (1H, m), 3.65-3.38 (4H, 

10 br m), 3.22 (1H, dd, J 13.9, 4.0Hz), 2.99 (1H, dd, J 13.9, 11.0Hz) and 1.09 
(6H, t, A 7.0Hz); mft (ES + , 70V) 459 (MH+). 

FXAMPLE 93 

Ethyl r3SU344.rftert>RtJtoxvc a rbon vhaminolDhenvlV3-rf2-isoproPOXV- 

15 3.4-dioxocvclobut-1-envnammolpropanoate 

Intermediate 12 (190mg, 0.62mmol) in MeOH was treated with 3,4- 
diisopropoxy-3-cyclobutene-1,2-dione (122mg) and N-methyl-morpholine 
(0.1ml) and stirred at RT for 16h. The solvent was removed and the 
product purified by column chromatography (Si02;CH2Cl2/MeOH 20:1) to 

20 give the title compound (176mg, 64%) as a white foamy solid. 5H (DMSO) 
7.41 (2H, d, J 8.6Hz), 7.24 (2H, d, J 8.6Hz, 5.29 (1H, m), 5.25 (1H, septet, 
J 6.2Hz), 4.06 (2H, q, J 7.1Hz) t 2.99 (1H, dd, J 15.8, 8.8Hz), 2.86 (1H, dd, 
J 15.8, 6.0Hz), 1.40 (3H, d, J 6.2Hz), 1.36 (3H, d, J 6.2Hz), 1.16 (3H, t, J 
7.1Hz); m/2 (ESI, 70V) 469 (MNa + ). 

25 

FXAMPLE 94 

Ethvl (3S\-3-r4-aminophenvl>-3-^ 2-isoproPOXV-3.4-dioxocvclobuM- 
enynaminolpropanoate 

The compound of Example 93 (176mg, 0.39mmol) was dissolved in EtOAc 
30 (10ml) and HCI gas was bubbled through. The reaction mixture was 
stirred for 2h and the solvent removed to give the M|q pQmpQMnti (130mg, 
0.34mmol, 87%) as an oil. 6H (DMSO 360K) 7.38 (2H, d, J 8.5Hz), 7.21 
(2H, d, A 8.5Hz), 5.30 (1 H, br m), 5.25 (1 H, septet, J 6.2Hz), 4.08 (2H, q, J 
7.1Hz), 2.99 (1H, dd, i 15.8, 8.8Hz), 2.85 (1H, dd, J 15.8, 6.0Hz), 1.40 
35 (3H. d, J 6.2Hz), 1 .36 (3H, d, J 6.2Hz), 1.15 (3H, t, J 7.1 Hz). 
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EXAMPLE 95 

Ethvl f3S^344-f3.S-dichloro-4-Dvridvlcarboxamido)phenvlV3-r(2- 
isoproDoxv-3.4-dioxoc vclQbut-1-envhaminolDroDanoate 
10 The compound of Example 94 (max 2mmol) was dissolved in DCM (5ml) 

5 and N-methylmorpholine (1 equiv) and cooled to 0°. 3,5-dichloroiso- 
nicotinoyl chloride (463mg) was added and the reaction mixture stirred at 
RT for 16h then quenched with sodium bicarbonate solution. The organic 
15 layer was washed with dilute hydrochloric acid, water, dried (Na2S04), 

filtered and the solvent removed. The product was purified by column 
10 chromatography (SiC>2; Ch^Ck/MeON 20:1) to give the title compound 
(636mg, 61%) as an oil. SH (DMSO, 390K) 10.47 (1H, br s), 8.69 <2H, s), 
20 7.62 (2H, d, J 8.4Hz), 7.39 (2H T d, J 8.4Hz), 5.38 (1 H, m), 5.25 (1 H, septet, 

J 6.1 Hz), 4.10 (2H, q, J 7.1Hz), 3.05 (1H, dd, J 15.8, 8.6Hz), 1.42 (3H, d, A 
6.1Hz), 1.38 (3H, d, J 6.1Hz), 1.18 (3H, t, J 7.1Hz);; mfc (ES + , 70V) 522 
15 (MH + ). 

25 

EXAMPLE 96 

Ethx/1 r3SU3-r4-f3.5>dichloroDv rid-4-vlcarboxamido)DhenvlV3-ir2-Af.A/- 
diethvlamino-3.4-dioxo -1-cvclobutenvnamino^Dropanoate 

30 20 The compound of Example 95 (31 8mg, 0.61 mmol) was dissolved in MeOH 

(5ml) and diethylamine (0.13ml). The solution was stirred for 16h to give a 
white precipitate which was isolated by filtration and dried to give the lille 
compound (247mg, 78%) as a white solid. 5H (DMSO, 370K) 10.93 (1H, br 

35 s), 8.78 (2H, s), 7.61 (2H, d, J 9.0Hz), 7.41 (2H, d, J 9.0Hz), 5.83 (1H, m), 

25 3.59 (3H, s), 3.53 (4H, br m), 3.08 (1H, dd, J 16.0, 9.0Hz), 2.95 (1H, dd, J 
16.0, 6.0Hz), 1.10 (6H,t, J 6.0Hz); ; m/Z (ES + , 70V) 521 (MH + ). 



EXAMPLE 97 

f3^-3^4W3.5-DichloroDvrid-4>vl-carboxamido^henvlV3^r2^^ 
30 diethvlamino-3.4-dioxo-1-cvclobutenvnamino>propanoic acid 

The compound of Example 96 (235mg, 0.45mmol) was dissolved in THF 
(5ml) and water (5ml) and lithium hydroxide (21 mg) added. The solution 
was stirred at RT for 3h and the solvent removed in vacuo. The residue 
was dissolved in water (10ml) and acidified to pH 2 with dil. HCI to give a 
35 white precipitate (198mg, 0.39mmol, 87%) which" was filtered and dried to 
afford the title compound . 5H (DMSO, 390K) 10.43 (1H, br s), 8.69 (2H, s), 
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7.60 (2H, d, J 8.5Hz), 7.45 (2H, d, J 8.5Hz), 7.29 (1H, br s), 5.82 (1H, m, ), 
3.60 (2H, q, J 7.0Hz), 3.58 (2H, q, J 7.0Hz), 3.02 (1H, dd, J 15.8, 8.2Hz, ), 
2.90 (1H, dd, i 15.8, 6.1Hz), 1.20 (6H, t, J 7.0Hz); ; mfe (ES + , 70V) 507 
(MH + ). Analysis by chirai HPLC on Chirobtotic T column eluting with 
5 MeOH/0.6%HOAc gave single peak eluting at 5.58 minutes. 

EXAMPLE 98 

f3m>3^4W3.5>Dichloropvrid-4-v1 carboxamido^Dhenvl-3^r2-N.^ 
{diethvlaminol-3.4-dioxo-1 -cvclobuten v Haminolpropanoic acid 

10 This was prepared by the same route as the (S)-enantiomer Example 97 
using the appropriate chirai amine. Analysis by chirai HPLC on Chirobiotic 
T column eluting with MeOH/0.6%HOAc gave single peak eluting at 6.54 
minutes. 

15 EXAMPLE 99 

MPthvl f3f?^3-rr2.lsoDrQDoxv-3.4-dioxocvclobut-1-envnamino1-3-f4- 
p6.7-dimethoxv-4-quinazotinv noxvJ phenvnpropanoate 

Intermediate 16 (580mg, 1.38mmol) was dissolved in MeOH (6ml) and 
DIPEA (0.53ml) and 3,4-diisopropoxy-3-cyclobuten-1,2-dione (300mg) 

20 added. The solution was stirred for 16h and the solvent removed. The 
residue was purified by column chromatography (Si02i CH2Cl2/MeOH 
50:1) to give the title compound (539mg, 75%) as a yellow oil. 5H (DMSO, 
350K) 8.99 (1H, br m), 8.54 (1H, s), 7.57 (1H, s), 7.49 (2H, d, J 8.6Hz), 
7.38 (1H, s), 7.32 (2H, d, J. 8.6Hz), 5.40 (1H, m), 5.27 (1H, septet, J 

25 6.2Hz), 4.01 (3H, s), 3.98 (3H, s), 3.64 (3H, s), 3.10 (1H, dd, J 16.1, 
5.8Hz,), 2.97 (1H, dd, J 16.1, 5.8Hz), 1.42 (3H, d, J 6.2Hz), 1.38 (3H, d, J 
6.2Hz), ; mfc (ES + , 70V) 522 (MH + ). 

EXAMPLE 100 

30 Methvl r3f?)^r2>A/.Af-diethvlamino-3.4>dioxo-1-cvclobutenvl1aminoV 
3-{4-rf6.7>dimethoxv -4>nuinazolinvhoxvlphenvl>propanoatg 

The compound of Example 99 (265mg, 0.51 mm ol) was dissolved in MeOH 
(3ml) and diethylamine added (0.1ml). The solution was stirred for I6h 
giving a white precipitate. The precipitate was filtered and dried to give the 
35 title compound (177mg, 65%) as a white solid. 6H (DMSO, 370K) 8,55 
(1H, s), 7.59 (1H, s), 7.54 (2H, d, J. 8.5Hz), 7.32 (1H, s), 7.30 (2H, d, J 
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8.5Hz, 5.94 (1H, m), 4.02 <3H, s), 3.99 (3H, s), 3.64 (3H, s), 3.60 (4H, 
septet, A 7.1Hz), 3.15 (1H, dd, A 157, 8.9Hz), 3.03 (1H, dd, J 157, 5.9Hz), 
1.19 <6H, t, A 7.1Hz), ; mfc (ES + , 70V) 535 (MH + ). 



5 SAMPLE 101 

(PU3-rr2-/V.^Diethv»amino -3.4>dioxo.1-cvclobutenvnaminoV344- 
[ffi 7-dimethox v-4-Quinazolinvhoxvlphenvl>propanQic acid 

The compound of Example 100 (170mg, 0.32 mmol) was dissolved in THF 
(2ml) and water (2ml) and lithium hydroxide (20mg) was added. The 
10 solution was stirred at RT for 3h and the solvent removed. The residue 
was dissolved in water (10ml) and acidified to pH2 with dil. HCI to give a 
20 white precipitate (42mg, 25%) which was filtered and dried. 5H (DMSO, 

400K) 8.56 (1H, s), 7.60 (1H, s), 7.54 (2H, d, A 8.6Hz), 7.39 (1H, s), 7.31 
(2H, d, J 8.6Hz), 5.90 (1H, m), 4.03 (3H, s), 3.99 (3H, s), 3.62 (2H, q, A 
15 7.1Hz), 3.60 (2H, q, A 7.1Hz), 3.06 (1H, dd, A 15.8, 8.2Hz), 2.95 (1H, dd, A 
25 15.8, 6.1Hz), 1.21 (3H, t, J 7.1Hz), ; mfc(ES + 70V) 521 (MH + ). 

EXAMPLE 102 

Fthvl f/?^3>r(2-lsopropoxv-3. 4^i Q ico-1-cvclobutenvnamino^r4- 
30 20 r2 6.n a phthvridtn-1-vlamino>phenvlpropanQate 

Intermediate 23 (178mg, 0.53mmol) was dissolved in MeOH (5ml) and 
DIPEA (0.2ml), treated with 3,4-diisopropoxy-3-cyclobuten-1 ,2-dione 
(126mg) and stirred at RT for 16h. The solution was concentrated, 

35 dissolved in DCM (20ml), washed with water, dried (Na2S04), filtered and 

25 concentrated. The crude product was purified by column chromatography 
(Si02, CH 2 CI 2 /MeOH 50:1) to give the title compound (150mQ. 60%) as an 
oil. (H (DMSO, 370K) 9.21 (1H, s), 9.09 (1H, br s), 870 (1H, br m), 8.65 

40 (1H, d, J 5.9), 8.33 (1H, d, A 5.9Hz), 8.16 (1H, d, J 57Hz), 7.87 (2H, d, A 

8.5Hz), 7.35 (2H, d, i 8.5Hz), 7.28 (1H, d, A 57Hz), 5.37 (1H, m) f 5.27 
30 (1H, septet, A 6.2Hz), 4.10 (2H, qd, A 7.1, 0.4Hz), 3.05 (1H, dd, A 15.8, 
8.9HI). 2.93 (1H, dd, A 15.8, 5.9), 1.43 (3H, d, A 6. 2 Hz), 1.39 (3H, d, A 

45 6.2H)), 1.18 (3H t t, A 7.1Hz), ; mfe (ES+, 70V) 475 (MH + ). 

EXAMPLE 193 

35 Methvn3ff)>3-r(2^./V-Diethvlamino-3. 4^toxo-1-cvclobutenvnamino-3- 
5Q r4-f2.6-napht hvridin-1-vlamino^phenvllpropanoate 
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The compound of Example 102 (145mg, 0.3 mmol) in MeOH (2ml) was 
treated with diethylamine (0.07ml) and stirred at RT for 16h. The solvent 
was removed and the residue was purified by column chromatography 
(Si0 2 , CH 2 Cl2/MeOH 100:1) to give the title compound (140mg, 98%) as a 

5 yellow oil. 6H (DMSO, 370K) 9.21 (1H, s), 9.08 (1H, br s), 8.65 (1H, d, J 
5.9Hz), 8.33 (1H, d, J 5.9Hz), 8.16 (1H, d, J 5.7Hz). 7.86 (2H, d, J 8.5Hz), 
7.40 (2H, d, J 8.5Hz), 7.27 (1H, d, J 5.7Hz), 5.87 (1H, m) f 3.63 (3H, s), 
3.59 (2H, q, J 7.1Hz), 3.57 (2H, q, J 7.1Hz), 3.12 (1H, dd, J 15.6, 8.8Hz), 
2.99 (1H, dd, J 15.6, 6.0Hz), 1.21 (3H, t, J 7.1Hz), 1.18 (3H, t, J 7.1Hz), ; 

10 mfc (ES + , 70V) 474 (MH + ). 

EXAMPLE 104 

naphthvridin-1 -vlaminolphenvlpropanoic acid 

15 The compound of Example 103 (140mg, 0.29mmol) was dissolved in THF 
(1ml) and water (1ml) and treated with lithium hydroxide (18mg). The 
solution was stirred at RT for 90 mins and concentrated In vacuo. The 
residue was dissolved in water and slowly acidified to pH4.5 with dilute 
HCI acid to give a yellow precipitate which was filtered and dried to give 

20 the title compound (60mg). 6H (DMSO, 350K) 9.22 (1 H, d, J 0.8Hz), 8.66 
(1H, d, 1 5.8Hz), 8.36 (1H, dd, J 5.9, 0.8Hz), 8.15 (1H, d, J 5.8Hz), 7.84 
(2H, d, J 8.5Hz), 7.40 (2H, d, J 8.5Hz) r 7.29 (1H, d, J 5.8Hz), 5.83 (1 H, m), 
3.59 (2H, q, J 7.1Hz), 3.57 (2H, q, J 7. 1Hz), 3.02 (1H, dd, J 15.7, 8.8Hz, 
2.90 (1H, dd, J, 15.7, 5.9Hz), 1.18 (6H, t, J 7.1Hz), m/z (ES + , 70V) 460 

25 (MH + ). 

The following derivatised resins were prepared to enable the preparation 
of compounds of the invention by solid phase synthesis: 

30 Resin bound (S]'3"f4-Aminpphgnyl)-2-(HI»orgnylmethPxV' 

carbonvlaminolpropanoic acid (1) 

Paramax Wang resin (Advanced Chemtech, 10g, 1.0mmol/g, 10mmol 
equivalent) in DMF (150ml) was treated with N-a-FMOC-4-nitro-L- 
phenylalanine (22g, 50mmol), 2,6-dichlorobenzoyl chloride (7.0ml, SOmmol) 
35 and pyridine (4.0ml, 50mmol) and the mixture agitated under nitrogen at RT 
for 24h. The resin was filtered and washed with DMF and DCM then 
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unreacted resin sites were capped with 20% acetic anhydride in DMF for 
30mins at RT. The resin was filtered and washed as before then treated 
with a 1M solution of stannous chloride dihydrate in DMF (100ml) at RT for 
12h and washed with DMF and DCM to give the defiygjiggd resin (1). 

5 

R^in bound r^.3-^3.5-dich1or n^-pvridvlcarhoxamido^PhenvlV2- 

fiminQP ro P anoic acid (2) 

privatised resin Ml from the above procedure was swollen in DCM (50ml) 
then treated with DIPEA (5.1ml, 29mmol) and 3,5-dichloropyridine-4- 
10 carbonylchloride (6.2ml, 29mmol) and agitated under nitrogen at RT for 
12h. The resin was washed as before then treated with a 20% solution of 
piperidine in DMF (100ml) for 30mins at RT followed by thorough washing 
with DMC and DCM to give the rlprjyatised resin (2). 

15 R»sin bound fSV3-r4.r3.5 -riirhinro-4> P vridvlcarboxamidQ)phenvl1-2- 
(^■ mft thnxv-3.4-dioxocvclobu t-1^nvlamino^PropanoiC fltid (3) 
privatised resin (2) from the above procedure in DMF (100ml) was 
treated with 3,4-dimethoxy-3-cyclobutene-1,2-dione (4.1 g, 29mmol) for 
12h at 70° then filtered and washed with DMF and DCM to give the 

20 dfirivatised resin (3). 

B&siD hQ " nd fRS^3-r443.5-Dich | 9r"^- pvridvlca ^^ 
(^methoxv>3.4-dioxocvclobu t>1-f>nvlamino^propanoic acid (4) 

pprivatised resin (A) was prepared in a similar manner to derivatised resin 
25 (3} from (RS)-3-(9-fluorenylmethoxycarbonylamino)-3-(4-nitrophenyl) 
propanoic acid. The latter was prepared as follows: A cold (0°) solution of 
(RS)-3-Amino-3-(4-nitrophenyi)propanoic acid [D. M. Kalvin and R. W. 
Woodward, J. Org. Chem. (1985) SSL 2259] (3.2g, 15mmol) in 10% 
aqueous sodium carbonate (60ml) and 1,4-dioxane (30ml) was treated 
30 portion-wise with 9-fluorenylmethoxycarbonyl-N-hydroxysuccinimide (5.6g, 
17mmol) in 1,4-dioxane (15ml) and the mixture stirred at RT for 12h. The 
mixture was poured into water (300ml) and the aqueous phase washed 3 
times with Et20. The aqueous layer was then acidified with solid citric acid 
and extracted into Et 2 0. The combined organic layers were dried 
35 (MgS04) and evaporated to a yellow oil then triturated from hexane and 



WO 00/73260 



PCT/GBOO/02020 



87 

EtOAc to afford (RS)-3-(9-fluorenylmethoxy-carbonyIamino)-3-(4- 
nitrophenyl)propanoic acid as a yellow solid (1.8g); mte (ES + , 70V) 432. 

R ff sin hound (S)-3W4-Aminophenvn-2W2HP ropvlamino-3.4- 
5 dioxocvclob uM-envlaminol propanoic acid f 51 

Paramax Wang resin (Advanced Chemtech, 10g, 1.0mmol/g, 10mmol 
equivalent) in DMF (150ml) was treated with N-a-FMOC-4-nitro-L- 
phenylalanine (22g, 50mmol), 2,6-dichlorobenzoyl chloride (7.0ml, 
50mmol) and pyridine (4.0ml, 50mmol) and the mixture agitated under 

10 nitrogen at RT for 24h. The resin was filtered and washed with DMF and 
DCM then unreacted resin sites were capped with 20% acetic anhydride in 
DMF for 30mins at RT. The resin was filtered and washed as before. A 
portion (4g) was treated with a 20% solution of piperidine in DMF (100ml) 
for 30mins at RT then filtered and washed with DMF and DCM. The resin 

15 was treated with 3,4-dimethoxy-3-cyclobutene-1,2-dione (1.9g, 13.4mmol) 
in DMF (50ml) for 12h at 70°C then filtered and washed with DMF and 
DCM. The resin was swollen in DCM (10ml) and EtOH (40ml) and treated 
with propylamine (1.6ml, 19.2mmol). The solution was agitated for 12h at 
RT then filtered and washed thoroughly with DCM. The resin was treated 

20 with a 1M solution of stannous chloride dihydrate in DMF (50ml) at RT for 
8h then washed with DMF and DCM to give dehvatised resin (5). 

pesin bound diethvlphosphono-a »diazoacetate (61 

Wang resin (Advanced Chem tech, 1.0g, 0.7mmol/g, OJmmol equivalent) 
25 was treated with diethyl-phosphonoacetate (0.68g, 3.5mmol), N.IST- 
diisopropylcarbodiimide 0.55ml, 3.5mmol) and 4-N,N-dimethylamino- 
pyridine (0.09g, 0.7mmol), in DCM (5.0m). The mixture was agitated at 
ambient temperature for 16h. The resin was filtered and washed with 
DMF, MeOH and DCM. The resulting resin (1.0g) was treated with 4-acet- 
30 amidobenzenesulfonyl azide (0.43g, 1.86mmol) and diazabicyclo-undec-7- 
ene (0.09g, 0.62mmol) in acetonitrile at ambient temperature for 16h. The 
resin was washed with DMF, MeOH and DCM to give derivatised resin (6) 
[FTIR (ATR) v max 2132cm-*"]. 

35 Resin bound fS)-3-r4W1-is ogmnolvlamino)phenvn-2-(9- 
flunrenvlmethoxv carbonvlaminolpropanoic acid (7) 
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Wang resin (Advanced Chemtech, 3.0g, OJmmol/g, 2.1mmol equivalent) 
in DMF (50ml) was treated with (S)-3-[4-(1-isoquinolylamino)phenyl]-2-(9- 
fluorenylmethoxycarbonylamino)propanoic acid (3.3g, 6.3mmol), 2,6- 
dichlorobenzoyl chloride (1.5ml, 10.5mmol) and pyridine (0.8ml, 10.5mmol) 
5 and the mixture agitated under nitrogen at RT for 24h. The resin was 
filtered and washed with DMF and DCM then unreacted resin sites were 
capped with 20% acetic anhydride in DMF for 30mins at RT. The resin 
was filtered and washed as before to give derivatised resin (7). 

10 R^in bound /SU3-f4>f1-is QauinolvlaminolDhenvn-2^2-methQXV-3,4> 
rtjftXncvclobuM-envlaminolpropanoic acid (8t 
Derivatised resin (7) from the above procedure was treated with a 20% 
solution of piperidine in DMF (100ml) for 30mins at RT followed by 
thorough washing with DMF and DCM. The resin was treated with 3,4- 

15 dimethoxy-3-cyclobutene-1,2-dione (4.7g, 33mmol) for 12h at 70° in DMF 
(50ml) then filtered and washed as before to give <feriY9tised re?jp (9) , 

R ^jn bound fSU3-f4-ben?ovlDhe nv/h-2-f2^methoxv-3.4-dioxocvclobut> 
1-pnynaminopropanoic acid (9) 

20 N-a-FMOC-L-benzoylphenylalanine Wang resin (Advanced Chemtech, 
400mg, 0.5mmol/g r 0.2mmol equivalent) was treated with a 20% solution 
of piperidine in DMF (5ml) for 30mins at RT then filtered and washed 
thoroughly with DMF and DCM. The resin was treated with 3,4-dimethoxy- 
3-cyclobutene-1,2-dione (200mg, 1.4mmol) for 12h at 70° in DMF (5ml) 

25 then filtered and washed as before to give derivatised resin (9j 

HPLC-M5 

HPLC-MS was performed on a Hewlett Packard 1100/MSD ES Single 
Quadropole system with diode array detector using either: 

30 Conditions A : A Luna C18(2) 50 x 4.6mm (3^m particle size) column, 
running a gradient of 95% [20mM ammonium formate, pH 3.5], 5% [0.1% 
formic acid in acetonitrile] to 10% [20mM ammonium formate, pH 3.5], 
90% [0.1% formic acid in acetonitrile] over 3min, then maintaining the 
mobile phase at that ratio for a further 2min. Flow rate 0.8ml/min.; or 

35 Conditions B : A Luna C18(2) 50 x 2.0mm (3^m) column, running a 
gradient of 95% [0.1% aqueous formic acid], 5% [0.1% formic acid in 
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acetonitrile] to 10% [0.1% aqueous formic acid], 90% [0.1% formic acid in 
acetonitrile] over 2min, then maintaining the mobile phase at that ratio for a 
further 1min. Flow rate 0.8m!/min. 

MS was acquired by API electrospray in positive ion mode, at 70V f 
5 scanning from 150 to 750amu. 

EXAMPLE 105 

(S)-3-[4'(3.$-PichlQrp-4-pyridy|gflrb9XflmidQ)phgnYlV2"(2- 

cvclohexvlamino-3.4-dioxocyclobuM>enylamino\propanoicacid 

10 To the derivatised resin (3), (120mg) was added DCM (0.2ml), EtOH 
(0.8ml) and a 1M solution of cyclohexylamine in DCM (0.5ml). The 
solution was agitated for 12h at RT followed by filtration and multiple 
washes with DCM. The resin was treated with 60% trifluoroacetic acid in 
DCM (1.5ml) for 3h with agitation and then filtered. The filtrate was 

15 evaporated in vacuo to give the crude product which was purified by 
preparative HPLC to afford the title compound (5mg). 
HPLC-MS (Conditions A) Retention time 3.5min MH + 531. 

The following compounds of Examples 106 to 179 and 183 to 195 were 
20 prepared in a similar manner to the compound of Example 105, each using 
the starting material shown. For examples where the amine was added as 
a salt, 1 mol equivalent of DIPEA was also added. 

EXAMPLE 106 

25 (S)>3»f4-f3.5'Dichloro-4-pvridvlcarboxamido1phenvl1-2-f2-(1» 

fldamantvlamin9^3^4^iQxwyg|gbuH-enylamin9^propanoic acid 

1- Adamantylamine gave the title compound (4mg) 
HPLC-MS (Conditions A) Retention time 3.9min MH + 583 

30 EXAMPLE 107 

fS^3-r4-f3.5-Dichlo ro>4-pvridvlca rboxamido)phenvn-2-r2^2- 

methoxygthylamino)-3.4-dioxpcyclQbtiM -envlaminPlprppariQic acid 

2- Methoxyethylamine gave the title compound (10mg) 
HPLC-MS (Conditions A) Retention time 3.1min MH + 507 

35 

EXAMPLE m 
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(S1.3-r4.f3.S-Dichloro^^ 

m *t h°* vpropvlamin ^^ 

3-Methoxy propylamine gave the title compound (9mg) 
HPLC-MS (Conditions A) Retention time 3.2min MH + 521 

5 

fXAMPLE 109 

[5)^.fa-f3.5-Dichloro- 4-pvridvlcarboxamido)phenvn-2-r2-f2- 

♦hipnvimethviamino^3.4>dioxocvclohiit-l-envlaminolpropanQ»c acid 

2-(Aminomethyl)thiophene gave the title compound (4ma) 
10 HPLC-MS (Conditions A) Retention time 3.4min MH + 545 

pYAMPLE 110 
{■9V3-r4.f3.5-Dichloro^ -Pvri^ 
m orpholino C thvlaminol-3.4^ 
15 Md 

N-(2-Aminoethyl)morpholine gave the title compound (8mq) 
HPLC-MS (Conditions A) Retention time 2.9min MH + 562 

FXAMPLE 111 

20 f^\-3-f4^3.5-Dichloro>4-pv ridvlcarboxamido)Phenvn-2-f2-(3A5- 

trimethoxvbenzvlaminDU3.4-dioxocvc1obuM-envlaminQlPropanQig 
acid 

3,4,5-Trimethoxybenzylamine gave the title compound (3mg) 
HPLC-MS (Conditions A) Retention time 3.4min MH + 629 

25 

FXAMPLE 112 

f^-3>r4-r3.S-Dich>oro^-Pvridvlc arhnxamido^phenvn-2-r2-(1- 
piperidinoethv>ammoy3.4«diox nr\/rlobut-1>envlaminolProPanoiC acid 

1-(2-Aminoethyl)piperidine gave the title compound (11mg) 
30 HPLC-MS (Conditions A) Retention time 2.9min MH + 560 

FXAMPLE 113 

f5?V3-r4-f3.5-Dichloro-4-pvridvlca rhoxamido>phenvl1-2-r2-(3-(2- 
ftYop V rrotidin>1-vnp ropvlaminol-3.4-dioxocvclQbUt-1-gnvlaminPl 
35 propanoic acid 

1-{3-Aminopropyl)-2-pyrrolidinone gave the title compound (12mg) 
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HPLC-MS (Conditions A) Retention time 3.1min MH+ 574 
PYAMPLE 114 

f ^^-fjl-faS-Dichloro -a-Dx/ridvlcarboxamido^Phenvn-Z^'ta- 
5 phenvlDroDvlaminoV3.4 -dmxocvclo^iM-envlaminolDroDanoic acid 
3-Phenylpropylamine gave the title compound (8mg) 
HPLC-MS (Conditions A) Retention time 3.7min MH + 567 

fYAMPLE 115 

10 /^3^f3.S-Di chloro-4-pvri^ylr a rh Q it a mido\nhenvl1-2-r2-(3-(1- 

j m iri a 7nlvl^r Q pvlaminoU3.4KiioxocvrlobuM-envlflminp1PrPPanQlC 
acid 

N-(3-Aminopropyl (imidazole gave the title compound (9mg) 
HPLC-MS (Conditions A) Retention time 2.8min MH + 557 

15 

FXAMPLE 116 

{^.?-r4^3S-Dich!oro -4-DvridvicarhQxamido^phenvn-2-r2- 
pipgrnnv1amino-3.4-dioxocvc lobut-1 -envlaminolpropanqic acid 

Piperonylamine gave the title compound (3mg) 
20 HPLC-MS (Conditions A) Retention time 3.5min MH + 583 

EXAMPLE 117 

fft).3-r4-f3.5-Dichloro-4-pvrid^ 

piperidinvlamino^3.4-dioxocv^ [nhuM-enviaminolPropanoiC acid 

25 4-Amino-1-benzylpiperidine gave the title compound (12mg) 
HPLC-MS (Conditions A) Retention time 3.1min MH + 622 

FXAMPLE 118 

r^.3-r4^3.5-Dichloro^>pvridvlc arhnyamido^phenv1V2-r2-(2r 
30 pvridvlmethvlaminoW3.4- diQXQcvc[obut-1-enviamino1propanoic acid 
2-{Aminomethyl)pyridine gave the title compound (14mg) 
HPLC-MS (Conditions A) Retention time 3.2min MH+ 540 



FXAMPLE 119 

35 r^-3-r4W3.5>Di chioro-4-pvridvlcarboxamidQ)ph'enYn-2'{2- 
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Cyclopentylamine gave the title compound (8mg) 
HPLC-MS (Conditions A) Retention time 3.4min MH + 517 

FXAMPLE 120 

5 f^,3,ril43.5-Di C hlQr 0 -4- DV ridvl ca rb 0 x a mido^henvn-2-r2-f4- 

phftn v»butvlamino^3.4-dioxocvclobuM -<mvlaminp1prppanpic acid 

4-Phenylbutylamine gave the title compound (4ma) 
HPLC-MS (Conditions A) Retention time 3.8min MH + 581 

10 EXAMPLE 121 

(5?U3-f4-(3.5-Dichloro.4-pvridvlcarboxamido^Dhenvn-2-r2-(3- 
PYridvlmethvtamino^3.4-d»oxocvclobuM>envtaminolpropanQic acid 

3-(Aminomethyl)pyridine gave the title compound (7ma) 
HPLC-MS (Conditions A) Retention time 3.0min MH + 540 

15 

EXAMPLE 122 

f5?V3.r4-f3.5-Dichloro^pyridvlcarbQxamido^phenvn-2-r2-f3.3- 

riimethylfrtitvlaminp)-^^ 

3,3-Dimethylbutylamine gave the title compound (7mg) 
20 HPLC-MS (Conditions A) Retention time 3.6min MH+ 533 

EXAMPLE 123 

f5?U3-f443.S-Dichloro-4-pvridvlcarboxamido1phenvn-2-r2-(3.4- 
HirhlQrQbenzvlaminoU3.4-dioxocvclobut-1-envlaminQlpropanoic acid 

25 3,4-Dichlorobenzylamine gave the title compound (11mg) 
HPLC-MS (Conditions A) Retention time 3.8min MH + 607 

EXAMPLE 124 

L^-34443.5-DichlQro-4-pvr»dvlcarboxamido\phenvn-2-r2-(2-(1- 
30 piperazinvl^ethvlamino)-3.4-dioxocvclobut-1-envlamino]propanoic 

acid 

N-(2-aminoethyl)piperazine gave the title compound (5mg) 
HPLC-MS (Conditions A) Retention time 2.8min MH+ 561 



35 



EXAMPLE 125 
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(5;U3-rA-f3.S-DichlQro^-Dvrid v lcarboxamido^henvlV242-(2-(1- 

pyrr 0 lidinvnethvlammoU3.4-dioxocvc»obuM-envlaminQlprQPanQic 

acid 

1-(2-aminoethyl)pyrrolidine gave the title compound (9ma) 
5 HPLC-MS (Conditions A) Retention time 2.9min MH + 546 

FXAMPLE 126 

^U3-r4-f3.5-D»chloro.4.Dvridvlcarboxamido)phenvn»2-r2'f3- 
h\/droxvproDvlam ino^3.4-dioxocvclobut-1-envlamino1propanoic acid 
1 0 3-Hydroxypropylamine gave the title compound (4mg) 
HPLC-MS (Conditions A) Retention time 3.0min MH+ 507 

EXAMPLE 127 

f.9\.3.r4.(3.S>Dichloro^ -n V ridvlcarboxamido^henvll-2-r2-(4> 
15 cvclohexvlan ilinoV3.4-dioxocvclobuM-envlamino1prQPanoic acid 

4-Cyclohexylaniline gave the title compound (3mg) 
HPLC-MS (Conditions A) Retention time 4.3min MH+ 607 

SAMPLE 12S 

20 (SU3-r4>f3.5-Dichloro-4-pvridvlcarboxamido)phenvlV2-r2-(4- 

morpholinoanilino)-3.4-diox QcvclobuM -envlaminolpropanoic acid 

4-Morpholinoaniline gave the title compound (5mg) 
HPLC-MS (Conditions A) Retention time 3.4min MH + 610 

25 EXAMPLE 129 

f^-3-r4^3.S-Dichloro-4^vNdvlr:arhoxamido)DhenvlV2-l2- 
isoproDvlamino-3.4-dioxoc vclobut-1-envlamino)propanoic acid 
Isopropylamine gave the title compound (2ma1 
HPLC-MS (Conditions B) Retention time 2.3min MH + 491 

30 

EXAMPLE 130 

fSV3-r4-f3.5-Dichloro -4-pvridvlcarh 0 xamido^Dhenvl1-2-f2-fert- 
butvlamino-3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

Tert-butylamine gave the title compound (1mg) 
35 HPLC-MS (Conditions B) Retention time 2.39min MH + 505 
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FXAMPLE 131 

(j?U3-r4-f3.S>DichiQro-4-Dvridvlcarboxamido^Dhenvn^2^2^ 
p r opy lamino-3.4-dioxocyclobuM -enylamino^proDanoic acid 
Propylamine gave the title compound (5ma) 
5 HPLC-MS (Conditions B) Retention time 2.3min MH + 491 

EXAMPLE 132 

f<?V3-r4>r3.5-Dichloro-4-Dvridvlcarboxamido^Dhenvn-2-f2- 
benzvlamino-3.4-dioxocvclobuM -envtaminolpropanoic acid 

1 0 Benzylamine gave the title compound (Ama) 

HPLC-MS (Conditions B) Retention time 2.43min MH + 539 

EXAMPLE 133 

(5?U3-r4.n.5-Dichioro-4- P vridvlcarboxamido^Dhenvn-2-r2-(3- 
15 /dimethvlamino)propvtamino\-3.4-dioxocvclobuM-envlamino1 
nmnanoic acid 

3-(Dimethylamino)propylamine gave the title compound (5mo) 
HPLC-MS (Conditions B) Retention time 1.92min MH+ 534 

20 FXAMPLE 134 

f<?U3-r4-f3.S-Dichtoro-4-pvridvlcarboxamido^phenvn.2-r2-f3- 

isopropoxvpropvlaminoW3.4-dioxocvclobuM-envlamino1propanoic 

acid 

3-lsopropoxypropylamine gave the title compound (5ma) 
25 HPLC-MS (Conditions B) Retention time 2.37min MH + 549 

EXAMPLE 135 

ethoxvpropvlaminoU3.4-dioxocvclobut-1>envlaminolpropanoic acid 

30 3-Ethoxypropylamine gave the title compound (5mg) 

HPLC-MS (Conditions B) Retention time 2.3min MH + 535 

EXAMPLE 13fi 

(5)-3-f4-(3.5-Dichloro-4<pyridvlcarboxamido)phenvn-2-r2>(2-f3- 
35 indolvnethvlamino>-3.4-dipxocvclobut-1-enviamino1propanoic acid 

2-(3-indolyl)ethylamine gave the tjtle compound (1mg) 
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HPLC-MS (Conditions B) Retention time 2. 15min MH + 592 
EXAMPLE 137 

^^-3-r4-r3.S>Dichloro-4-Dvridv1carboxamidQ ^phenvn-2-(2- 
5 9yclobutvlanriino-3.4-dioxocvclQbut-1-en vlamino^proDanoic acid 
Cyclobutylamine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.35min MH+ 503 

EXAMPLE 138 

10 /<?U3-r4-r3.5.DSchloro-4.pvridvlcarboxam>dotehenvn^2- 

cvclppropvlamino-3.4-dio xocvclobut-1 -envlaminolpropanoic acid 

Cyciopropylamine gave the title compound (5mg) 
HPLC-MS (Conditions B) Retention time 2.26min MH+ 489 

15 EXAMPLE 139 

I SU3-r4-f3.5>Dichloro-4^vrid V lcarboxamido)phenvl1-2-r2-(4-( 1.2.3- 
thi a riia7Pl-4-vnben2vlaminoU3.4-dioxocvclobuM-envlaminQl 
propanoic acid 

4-(1,2 l 3-Thiadiazol-4-yl)benzylamine gave the title compound (5mg) 
20 HPLC-MS (Conditions B) Retention time 2.46 MH + 623 

EXAMPLE 140 

fj?U3-r4^3.5-Dichloro- 4-pvrtdvicarboxamido^phenvn-242-(3- 
pitrobenzvlamino)-3.4-dioxo cvclobijt-1 -em/laminolpropanoic acid 
25 3-Nitrobenzylamine hydrochloride gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.46min MH+ 584 

EXAMPLE 141 

fj?V3-r4-f3.5-Dichloro-4-pvridvi carboxamidn^rihenvn-2.r244- 
30 ^methvlsulfonvnbenzvlamino^3.4>d ioxocvclobuM-envlarnino1 
propanoic acid 

4-(Methylsulfonyl)benzylamine hydrochloride gave the title compound 
(1mg) 

HPLC-MS (Conditions B) Retention time 2.31 min MH + 617 

35 

EXAMPLE 142 
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f ^nTx/lthio^ethvlam ino1-3.4-d?oyQcvclobut-1-envlaminolprQPanoic 
acid 

2-(Benzylthio)ethylamine hydrochloride gave the Ijtlg compound (7mg) 
5 HPLC-MS (Conditions B) Retention time 2.56min MH* 599 

FXAMPLE 143 

(^^-r4-f3.5-Dichloro-4-Dvridvlcar hnYamidQ^henvn-2-r2-f2-(4- 
n j t r nphenvnethvlamino^3.4-dioxocvclo hnt>1>envlaminolproDanoic 

10 acid 

2-(4-Nitrophenyl)ethylamine hydrochloride gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.47min MH+ 598 

FXAMPLE 144 

15 (<?)-3,f4-f3.5-P ichioro-4-Dvridvlcarboxamido^Dhenvl1-2-r2-f1- 
pippririinvn-3.4-dioxocvclobuM -envlaminolpropanoic acid 

Piperidine gave the title compound (5mg). 

HPLC-MS (Conditions B) Retention time 2.36min MH* 517 

20 FXAMPLE 145 

(5?).3.f443.5-Dichloro^ -pvridvicarboxamido)phenvn-2-(2-mQrPhQlin9- 
^4.riinxocvclobut-1-envlamino)propanoic acid 

Morpholine gave the title compound (7mg) 

HPLC-MS (Conditions B) Retention time 2.24min MH + 519 

25 

EXAMPLE 146 

(<?).3.f4-f3.5>Dichloro-4-pvridv lcarboxamido\phenvn-2-<2- 
f h^moroholino-3 -4«dioxocvclobuM -envlaminotorOPanQic acid 

Thiomorpholine gave the title compound (1mg) 
30 HPLC-MS (Conditions B) Retention time 2.36min MH + 535 

FXAMPLE 147 

(5?).3-r4-n.5-Dichloro-4-pvridvl carboxamido)phenvn-2^2-- 

^ifithviammo>3.4-d ioxocvclobuM-envlaminQ)prQPanpic acid 

35 Diethylamine gave the title compound (4mg) 

HPLC-MS (Conditions B) Retention time 2.34min MH + 505 
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EXAMPLE 149 

(.^-3-r4-f3.5-Dichloro-4-Dvridv»carboxamido^phenvlV2^2-(1- 
pyrroHdinvn-3.4-dioxocvclobuM-envlamino1prQPanoicacid 

5 Pyrrolidine gave the title compound (2mg) 

HPLC-MS (Conditions B) Retention time 2.29min MH + 503 

EXAMPLE 149 

/5?V3-r4>f3.5^Dichtoro-4-pvridvlcarboxamido^phenvn-2-r2-(4-ethvM- 
10 piperazinvll-3.4-dioxocvclobuM -enylaminolpropanoic acid 

1-Ethylpiperazine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 1.96min MH + 546 

EXAMPLE 1SP 

15 f^U3-f4-(3.5-Dichloro-4-pvridvlcarboxamido)phenvn-2-f2-(4- 
(hydroxvpropv»U1»pipera2invn-3.4-dioxocvclobuM- 
enylaminolpropanoic acid 

1-Piperazinepropanol gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 1.94min MH + 576 

20 

FXAMPLE 151 

r<?U3-r4-f3.5>Dtchloro-4>n V ridvlcarboxamido^Dhenvn-2-r2-f(SW3> 
dimethvlamino-1-pvrrolidinvl^3.4-dioxocvciobuM- 
enylaminolpropanoic acid 

25 (S)-3-(Dimethylamino)pyrrolidine gave the title compound (8mg) 
HPLC-MS (Conditions B) Retention time 1.94m in MH+ 546 

EXAMPLE 152 

/<?W3-r4W3.5>Dichloro-4-Dvridvlcarboxamtdo^phenvn>2-r2-(fS)-2- 
30 fmethoxvmethvlM-pvrrolidinvl1-3.4>dioxocvclobuM- 
enylaminolpropanoic acid 

(S)-2-(Methoxymethyl)pyrrolidine gave the title compound f2ma) 
HPLC-MS (Conditions B) Retention time 2.37min MH + 547 



35 



EXAMPLE 1?? 



WO 00/73260 



PCT/GB00/02020 



98 

^<?v^-f4-f3.5-Dichloro-4.DvridvlcarboxamidQ)Phgnvn-2-r2 -( 1 - 
pip ffr a7invlV3.4-dioxocyclobu t-l-envlaminolproDanQic acid 
Piperazine gave the title compound (1 ma) 
HPLC-MS (Conditions B) Retention time 1.93min MH + 518 

5 

FXAMPLE 154 

f<?).^-r^3 5-DichlQro>4-pvridvlcar hn y amido)phenv1%2>r2-(fRS^- 
^iPthvlamino>1>Dvrrolidinyiy3.4-dioxocvclQbuM- 
pm/laminolprppanoic acid 

1 0 3-{Diethylamino)pyrrolidine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 1.98min MH + 574 

EXAMPLE 1S5 

(5;V3-f4W3.5.Dichioro -4>Pvridvicarb Q xamidolphenvlV2-r2-(4-(4- 
15 n StrophenvlU1-piperaginvn-3.4-diox nnyclQbijt-1-envlaminQlpropanoic 
acid 

1-(4-Nitrophenyl)piperazine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.54min MH + 639 

20 FXAMPLE 156 

(^V344>n.5-Dichioro-4-pvridvl carbnxamido\phenvn-2-f2-butvlamino> 

3 4-riioxocvclobut-1-env1amino)propanoic acid 

Butylamine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.37min MH + 505 

25 

EXAMPLE 157 

(<?V3-f443.5-Dic:hloro-4-p V ridvlcarhoxamido)Phenvn-2-f2- 
ppntvlamino-3.4-dioxocvclo but-1 -envlaminolpropanoic acid 
Pentylamine gave the title compound (2mg) 
30 HPLC-MS (Conditions B) Retention time 2.44min MH + 519 

FXAMPLE 158 

(5?U3-f4-f3.5-Dichloro-4-pvridvtcarhoxamidQ)phgnvlV2-r2-(fRS)'1- 
pethvlpropviamino^3.4>dioxocyclob iiM-envlamino1propanoic acid 

35 1 -Methylpropylamine gave the title compound (9mg) 

HPLC-MS (Conditions B) Retention time 2.34min MH + 505 
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FXAMPLE 159 

f9V3-r4-r3.5-Dichloro-4-Dvridvlcarb OX amido^Dhenvn-2-(2- 
ifiQbutvlamino^3.4-dioxocyctobu t-1-envlamlnolDropanoicacld 

5 Isobutylamine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.35min MH+ 505 

SAMPLE 160 

rq\-3-r4-f3.5-Dichloro-4-pvridvlcarboxamido)Dhenvl1-2-r2-fN-methvl-N- 
10 iRQproDvlaminoW3.4-dio xocvclobut-1-enviaminolDroDanoic acid 

Methylisopropylamine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.31 min MH + 505 

EXAMPLE m 

15 ^U3-r443.5>Dichloro.4-pvridvlcarboxa mido^phenvn-2-r2-fN-ethvl-N- 
mPthvlaminol-3.4-dioxocvcl obut-1 -enviaminolpropanoic acid 

A/-Ethylmethylamine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 2.26min MH + 491 

20 EXAMPLE 192 

f5?V3-f4-f3.5-Dichloro-4-pyridvicarboxamido)p henvn-2-r2-(N-methvl>N- 

propvlamino^3.4-dioxocvclobuM-envlaminolpropanoic acid 
/V-Methylpropylamine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.32min MH + 505 

25 

EXAMPLE 1» 

(j?U3-r443.5-Dichloro-4-pvridvica rboxamidotohenvn-2-(2- 

cvciopropanemethvlamino-3 .4-dioxocvclobut-1-envlamino)propanoic 

acid 

30 Cyclopropanemethylamine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.32min MH + 503 

FXAMPLE 164 

fSW3-f4-f3.5>Dichloro-4-pvridvlca rboxamidolphenvl1-2-r2> 
35 (propvnvlaminol-3.4-diox ocvclobut-1 -enviaminolpropanoic acid 
2-Propynylamine gave the title compound (5mg) 
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HPLC-MS (Conditions B) Retention time 2.26min MH + 487 
FXAMPLE 1G5 

( 1 5)-.^-filW3.S^DichtQro^-Dvridvlcai^Qyamido^Dhenvn-2>(2- 
5 isQpentvlamino-3.4-dioxocvdobut-1-envlamino)Dropanoic acid 
Isopentylamine gave thelitis cpmPQUnd (1mg) 
HPLC-MS (Conditions B) Retention time 2.44min MH + 519 

FXAMPLE 166 

10 (j?U3,rA43.5-Dichloro^pvridvlcarboxamidomhenvlV2-r2-((RS)-2-- 
m pthvlbutvlamino^3.4-dioxocvclobuM-env>aminolDropanoic acid 

2-Methylbutylamine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.42min MH + 519 

15 FXAMPLE 1SZ 

(^3-r4-r3.S-Dichloro-4-Dvridvlca rboxamido)phenvn-2-r2-(fRSW1.3- 

ijj mg thvibutviamino^3.4>dioxocvclobuM-envlaminQlprQPanQic acid 

1,3-Dimethylbutylamine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.49min MH + 533 

20 

EXAMPLE 168 

(5?)-3,rAW3.5>Dichioro^-pvridvicarb nyamidolphenvn-2-r2-(N-methvi>N- 
frtftvlamino)-3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

/V-Methylbutylamine gave the title compound (3mg) 
25 HPLC-MS (Conditions B) Retention time 2.39min MH + 519 

EXAMPLE 169 

fj?)^r4-r3.5>Dichloro^pyridvfca rboxamido)nhenvn-2-r2^fRSM- 
methvlbutvlamino)-3.4-dioxocvc lobuM-enviamino1propanoicacid 

30 1 -Methyibuty lam ine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.41 min MH+ 519 

FXAMPLE 170 

/■qU3.r4^3.5-Dichioro^pvridvicarb Qxamido^phenvn-2-(2-altvlamino- 
35 3.4-dioxocvclobut-1 -envtaminptoropanoic acid 
Allylamine gave the title compound (3mg) 
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HPLC-MS (Conditions B) Retention time 2.27min MH + 489 
FXAMPLE 171 

(<;)-3-r4-<3.S-Dichloro-4>Dvridv1carboxamido)phenvn-2-r2-(2- 
5 fmethvlthio^ethvlamino) >3.4-diQxocvclobut-1-envlamino1propanoic 
acid 

2-(Methylthio)ethylamine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.30min MH + 523 

10 EXAMPLE 172 

/5?U3.r4-f3.S-Dichloro -4-pvridvlcarbQxamido^phenvn-2-f2- 

c a rboxvethviamino-3.4-dioxocvciobut-1-envlamino>prQpanQic acid 

p-Alanine hydrochloride gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.19min MH + 521 

15 

FXAMPLE 173 

f^-3-r4-r3.S-Dichloro^ pvridvlcarboxamidotehenvn-2-r2-(iS)-1> 
rarhQX V -3-methvlbutvlaminoK3.4-<jioxQCVClobuM" 
P^vlaminolpropanoic acid 

20 L-Leucine hydrochloride gave the title compound 0.5mg 
HPLC-MS (Conditions B) Retention time 2.35min MH + 563 

FXAMPLE 174 

^\-3>r4-(3.5-Dichiorp >4.pvridvlcarb^^vAnnirin^henvn-2-r2- 
25 (carbPxvmethvlamino^3.4-dioxo cvciobuM-envlamino1propanoic acid 

Glycine hydrochloride gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.19min MH + 507 

EXAMPLE 17$ 

30 r^\-3-f4-r3.5-Dichlor Q -4-pvridvlcarboxamido)nhfinvlV2-r2-(fS)"1- 
ca rb 0 xv-2>methvlpropvlamino^3,4-dioxocvclObuM- 
envlaminolpropanoic acid 

L-Valine hydrochloride gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.28min MH + 549 

35 

EXAMPLE 176 
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fSl-3-r4-f3.5-Dichloro^^ 

qarhQxv-2-Dhenvlethvlamino\-3.4-dioxocvclobuM- 
envlaminolDropanoic acid 

L-Pheny!alanine gave the title compound (0.5mo) 
5 HPLC-MS (Conditions B) Retention time 2.38min MH + 597 

FXAMPLE 177 

f^-3,r^3.5-Dichloro^- P vridvlcarboxamido>phenvn-2-(2-ethvlaminQ- 
3 4-dioxocvclobut-1 -envlaminolpropanoic acid 
1 0 Ethyiamine hydrochloride gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.22min MH + 477 

EXAMPLE 17? 

f5?U3.r443.5-Dlchloro-4-pvridvlcarboxamido)phenvn-2-r2> 
15 mfithviamino-3.4 dioxocvciobut-1>enviaminolprQPanQic acid 

Methylamine hydrochloride gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.17 MH+ 463 

EXAMPLE 179 

20 ^<;U3-r4-f3.S-Dichloro-4.pvridvlcarboxamidolphenvll-242- 

dimethvlamino^4-dioxocvclobut-1-enviamino)prPPanQic acid 

Dimethylamine hydrochloride gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 2.20min MH* 477 

25 EXAMPLE 180 

r5?U3-r4.n.5-DichiQro^ D vridvlcarboxamido)phenvl1-2-f2-aniiino-3.4- 
rtioxocvclobuM-envlaminolpropanoic acid 

Derivatised resin (2), (320mg) in DMF (10ml), was treated with 4-anilino-3- 
ethoxy-3-cyclobutene-1 ,2-dione (400mg, 1.86mmol) for 12h at 70° then 
30 filtered and washed with DMF and DCM. The resin was treated with 60% 
trifluoroacetic acid in DCM (1.5ml) for 3h with agitation then filtered. The 
filtrate was evaporated in vacuo to give the crude product which was 
purified by preparative HPLC to afford th e title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.46min MH+ 525 

35 

EXAMPLE 181 
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( 5)^.fd43.5-Dichloro-4.DvridvlcarboxamidQ^Phenvl1"2-(2-phgnvl^4- 
rijftxftryclobuM-envlaminolpropanoiC acid 

By the same method as the compound of Example 180, 3-methoxy-4- 
phenyl-3-cyclobutene-1,2-dione was used to give the title comPQMnd 
5 (13mg). 

HPLC-MS (Conditions B) Retention time 2.53min MH + 510 
FXAMPLE 182 

(j?U3>r4^3.S-Dichloro- 4-puridvl C arbovamido^henvl1-2^2>methoxv-3.4- 
10 Hinx ocvclobuM ■envlaminolpropanoic acid 

Derivatised resin (3), (120mg) was treated with 60% trifluoroacetic acid in 
DCM (15ml) for 3h with agitation then filtered. The filtrate was evaporated 
in vacuo to give the crude product which was purified by preparative HPLC 
to afford the title compound (2mg) 
1 5 HPLC-MS (Conditions B) Retention time 2.26min MH + 465 

FXAMPLE 183 

( S)>3-f443.5>DichlQro -4-Dvrid V lcarhQy a mido^Dhenvn-2-(2-(1- 
^ g f!ahvdroQuinolvlV3.4-dioxo cvclobuM-env>amino^propanoic acid 
20 Decahydroquinoline gave the title compound (1 rng). 

HPLC-MS (Conditions B) Retention time 2.53min MH + 571 

FXAMPLE 184 

f S)-H*-' 3 .S-Dichloro-4-Dvridvlca rfanyamidotahenvn-2-r2-fN-benzvl-N- 
25 butv1aminoU3.4-dioxocvclobuM-e nylam8nolproDanoic acid 
N-Benzylbutylamine gave the title compound (5mg) 
HPLC-MS (Conditions B) Retention time 2.60min MH + 595 

FXAMPLE 185 

30 I^J4^3-S-Dichloro^-Dvri riy1carboxam1dotehenvn-2-F2-(N-f2- 
ry a nQethvn-N-methv lamino^-3.4-riioxocvclobuM- 
envlaminolpropanoic acid 

N-Methyl-beta-aianine nitrile gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.22min MH + 516 

35 

FXAMPLE 1B6 
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^<;U3-r4-f3.5>Dichloro- 4-Pvridvlcarboxamido^henvn-2-r2>m^2-f2- 
pyririv»ethvl>-N.methvlamino^3.4-dioxocvclobuM- 
gnylaminolprppanoic acid 

2-(2-Methylaminoethyl)pyridine gave the title compound (6mg) 
5 HPLC-MS (Conditions B) Retention time 2.03min MH+ 568 

FXAMPLE 187 

/5?^-r4W3.5-D»ch<Qro-4-pvridvlcarboxamido>phenvlV2-r2-f1.2,3,6- 
tPtrahvdro.l-pvridvn-3 4-dioxocvclobut-l-envlaminolprQPanQic acid 

1 0 1 ,2,3,6-Tetrahydropyridine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.32min MH+ 515 

EXAMPLE 189 

f^U3-r443.5-Dichloro -4-pvridv1carboxamtdolPhenvn-2-r2-(N-mgthvl- 
15 N-fphenvleth vi^amino^3.4-dioxQcvclobuM-envlaminQlprQpanQic acid 

N-Methylphenylethylamine gave the title compound (6mq) 
HPLC-MS (Conditions B) Retention time 2.45min MH* 567 

FXAMPLE 189 

20 f^-3-r4-f3.5- Dichloro-4-pvridvicarboxamidolphenvn-2-(2-/V.yV- 
d.butvlamino-3.4-dio xocvclobut-1 .gnvlaminolpropanoic acid 

Dibutylamine gave the title compound (5mg) 

HPLC-MS (Conditions B) Retention time 2.58min MH + 561 

25 FXAMPLE 190 

(<>U3.r4^3.S~DichiQro -4-Pvridvicarhox a mido\phenvn-2-r2-l3.3.3- 
t rifluoropropvlamino^3.4-di oxocvclobuM-envlamino1propanoic acid 
3,3,3-Trifluoropropylamine gave the title compound (7mg) 
HPLC-MS (Conditions B) Retention time 2.35min MH + 545 

30 

EXAMPLE 191 

^3-r4^3.5-Dichloro- 4-pvri^^ 

f4-pvridvlmethvnaminoW3.4>dioxo nyrlnbuM-envlamino1propanoic 
acid 

35 4-(Ethylaminomethyl)pyridine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.01 min MH + 568 
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EXAMPLE 192 

r^-3-r4>r3.S>Dichloro-4-Dvridvlcar hoyamidQ^henvn-2-r2-f3- 
thiayolidinvt^ ^dioxocvclobuM-envlaminQlDrQPanQic acid 

5 Thiazolidine gave the title compound (2mg) 

HPLC-MS (Conditions B) Retention time 2.29min MH + 521 

FXAMPLE 193 

fSU3J4-f3.5-Dichloro ^-Pvridv^ 
10 methvlamino)-3.4-dioxo cvclobuM-enylamino1proDanoicacid 

A/-Methy lallyiam ine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.29min MH + 503 

EXAMPLE 194 

15 fSU3-r4-f3.5>Dichloro>4-Dvr idvlcarbQxamido)DhenvlV242^N-ben2vl-/V- 
mPthviaminQU3.4^dioxocyclobuM-envlammolprQPanoic acid 

/V-Benzylmethylamine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.42min MH+ 553 

20 EXAMPLE 19? 

^U3-r4-f3.5-Dichloro-4 -pvridvlcarboxamirio)phenvl1-2-(2-^.iV- 

iallvlamino>3.4.dioxocvclobuM^nvlammQ)propanPicacid 

Diailylamine gave the title compound (5mg) 

HPLC-MS (Conditions B) Retention time 2.39min MH + 529. 

25 

EXAMPLE 196 

r^3-r4-M-lsoQuinolv »amin Q ^phenyiy2W2-/tf.Af-dlethvlamino-3.4- 
dioxocvclobtiM -envlaminolpropanoic acid 

To the derivatised resin (8), (100mg) was added ethanol (1.0ml) and a 1M 
30 solution of diethylamine in DCM (0.7ml). The solution was agitated for 18h 
at RT then filtered and washed thoroughly with DCM. The resin was 
treated with 95% trifluoroacetic acid in DCM (2.0ml) for 3h with agitation 
and then filtered. The filtrate was evaporated in vacuo to give the crude 
product which was purified by preparative HPLC to afford the lifts 
35 compound (2mg). 

HPLC-MS (Conditions B) Retention time 2.0min MH + 459 
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The following compounds of Examples 197 to 237 were prepared in a 
similar manner to the compound of Example 196, each using the starting 
material shown. For examples where the amine was added as a salt, 1 
5 mol equivalent of DIPEA was also added. 

EXAMPLE 197 

(S)-H4-(1-lgpquinplylaminp)ph^ 
3.4^i9X<?CYclQ^M-enYlaming)prQpan9ig acid 

1 0 3-Methoxypropy lam ine gave th e title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.0min MH + 475 

EXAMPLE 198 

fS^-3-r4-n-isoauinolvlamino^phenvn-2-r2-f1-DiDeridinvH>3.4- 
15 dioxocvclobut-1-envlamino]propanoic acid 
Piperidine gave the title CPmPPUnti (2mg) 
HPLC-MS (Conditions B) Retention time 2.1min MH + 471 

EXAMPLE 199 

20 fS)-^r4-f1-l§oq»inQlylaminp)phgnYl1-2-[2-<1-pip?razinyl)'3.4" 
tiiPXPCVClQbtit-1 -envlaminplprppanpic acid 

Piperazine gave the title QQmPPUPd (2mg) 

HPLC-MS (Conditions B) Retention time 1.7min MHM72 

25 EXAMPLE 2PP 

(S^-^^4^1H5QqMin9lylaminQ)pheny^]-2-(2■pentylaminp-3,4- 
di9X9gycl9buM-gnvlamin9)prc>pan9ig acid 

Pentylamine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.2min MH + 473 

30 

EXAMPLE 201 

(S)-H4-(1-lspqtiinQlylaminp)phgnyl]-2-f2-prpPYlamin9'3.4- 
diQXPCYClPb»M-gnylamin9)prppanpic acid 

Propylamine gave the t itle compound (1mg) 
35 HPLC-MS (Conditions B) Retention time 2.0min MH + 445 
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EXAMPLE 202 

^<?U3>r4-n^soQuino>vlammo^phftnvn-24241>decahvdroauinolinvn^.4> 

diPXPCYCtobuM -gnvlaminplprgpanoic acid 

Decahydroquinoline gave the title compound (5mg) 
5 HPLC-MS (Conditions B) Retention time 2.2min MH+ 525 

EXAMPLE 203 

fS)-3-r4>ri-lsoQuinolvlamino)phenvl]-2-{2-fN-ethvNN-r4> 

pyridylmgthvnaminp]-3.4^ipxpcyc^ acid 

1 0 4-(Ethylam inomethyl)pyridine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 1.8min MH + 522 

EXAMPLE 204 

^^3-f4W1>lsoQuinolvlamino^phenvn-2-f2-tert-butvlamino>3.4- 
15 dioxocvclobut-1-envlamino)propanoic acid 

Tert-Butylamine gave the title compound (img) 
HPLC-MS (Conditions B) Retention time 2.1min MH+ 459 

EXAMPLE 20$ 

20 (S)-3-[4-H-ISQquinp|ylam^ 

diPXQcyclQbut-1-mlaminp)prppanpic acid 

Cyclobutylamine gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.1 min MH+ 457 

25 EXAMPLE 206 

fSU3>f4-f1-lsoQuinolviamino)phenyn-2-(2-thiomorpholino-3.4- 

dioxpcyclPbuM -gnvlaminp)prppanpic acid 

Thiomorpholine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.1 min MH + 489 

30 

EXAMPLE 207 

(S^3-r4-(1-lsoauinolviamino^phenvn-2>(2-allvlamino>3.4- 

dipxpcyclpbut-1-enylaminp)prppanpic acid 

Allylamine gave the title compound (0.3mg) 
35 HPLC-MS (Conditions B) Retention time 2.0min MH + 443 
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EXAMPLE 208 

^)-3-[4-ri-lsoQuinolvlamino>Dhenvn-2-f2-fA/>ben2vUA/-methvlamino)- 
3.4-dioxocvclobut-1-envlaminolDroDanoic acid 

A/-Benzylmethylamine gave the title compound (5mg) 
5 HPLC-MS (Conditions B) Retention time 2.2min MH + 507 

EXAMPLE 209 

r<?^r441-lsoauinolvlamino\DhenvlV2-f2>cvclohexv»amino>3.4- 
dioxocvclobuM-envlaminolpropanoic acid 

10 Cyclohexylamine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.2min MH + 485 

EXAMPLE 210 

^^3-r4-M»lsoauinolvlamino^Dhenvn-2-r2-benzvlamino>3.4- 
15 dioxocvclobiiM -envlaminolpropanoic acid 

Benzylamine gave the title QPfTlPPUnti (2mg) 

HPLC-MS (Conditions B) Retention time 2.1 min MH + 493 

EXAMPLE 211 

20 (S).3-f4>/1>lsoauinolvlamino)phenvn>2-l2-r3-fdimethv>aminQ) 
propvnamino-3.4-dioxocvclobut-1 -envlaminolpropanoic acid 
3-(Dimethylamino)propylamine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 1.7min MH + 488 

25 EXAMPLE 212 

fSU3.f4>ri-lsoouinolvlamino^phenviy2-r2-f2>Pvridvlmethvl>amino-3.4- 
dioxocvclobuM-envlaminolpropanoic acid 

2- (Aminomethyl)pyridine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 1.9min MH + 494 

30 

EXAMPLE 213 

r^-3-r4W1-lsoauinolvlamino^phenviy2-r2-f3-Pvridvimethvnamino-3.4- 
dioxocvclobuM-envlaminolpropanoic acid 

3- (Aminomethyl)pyridine gave the title compound (1 mo) 
35 HPLC-MS (Conditions B) Retention time 1 .8min MH + 494 
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FXAMPLE 214 

[<?).3-f441-lso a uinolviaminolohen^^ 
riioxocvclobut-l^nvlaminojpropanoicacid 

4-(Aminomethyl)pyridine gave the title compound (5mg) 
5 HPLC-MS (Conditions B) Retention time 1 .8min MH + 494 

EXAMPLE 21$ 

(5?U3.r4W1>lsoQuinolvlamino)phenvn-2-r2W2-fben2vlthio)ethvlamino)- 
3 4-riioxocvclobuM-envlaminolnroDanoic acid 

10 2-(Benzylthio)ethylamine hydrochloride gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.2min MH + 553 

EXAMPLE 216 

f<?)>3-r4-f1-lsoQuinolvlamino>Dhenvl1-2-f2-dimethvtamino-3.4> 
15 dioxocvclobut-1-envlaminotoropanoicacld 

Dimethylamine gave the title compound (24mg) 
HPLC-MS (Conditions B) Retention time 1.9min MH + 431 

SAMPLE 217 

20 fM-3-r4-f1-lsoouinolvlamino^henvlU2-(2-morpho1ino-3.4- 
dioxocvclobuM-envlamtnotoroDanoic acid 

Morphoiine gave the title compound (3mg) 

HPLC-MS (Conditions B) Retention time 2.0min MH + 473 

25 EXAMPLE 218 

L9U3-r4W1-lsoauinolviamino^Dhenvn-2-r2-<N-methvl>N-butvlaminoW 
3.4-dioxocvclobu t-1 -envlamino]propanoic acid 

N-Methylbutylamine gave the title compound (5mg) 
HPLC-MS (Conditions B) Retention time 2.2min MH+ 473 

30 

EXAMPLE 219 

(S)-3^4-f1-lsoQuinolvlamino)p henvl1-2-f2-f(RS)-2-methvlbutvlamino1- 
3.4-dioxocvclobut-1-envlamino)propanoic acid 

2-Methylbutylamine gave the title compound (4mg) 
35 HPLC-MS (Conditions B) Retention time 2.2min MH + 473 
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EXAMPLE 220 

fSW3-r4-f1-lsoQuinolvlamino1phenvn-2-f2-butvlamino-3.4- 
riiny ocvclobuM -envlaminolpropanoic acid 

Butylamine gave the title compound (4mg) 
5 HPLC-MS (Conditions B) Retention time 2.2min MH + 459 

FXAMPLE 221 

^-S-M-M-lsoQuinolvlammolDhe^^^ 

dimethYlt?HtYlaminpV3,4-dipx.gcYcM^ acid 

1 0 1 ,3-Dimethylbutylamine gave the title compound (5mg) 
HPLC-MS (Conditions B) Retention time 2.3min MH+ 487 

EXAMPLE 222 

(S)-3-r4-(1Hgoquinplvlaminp)phgnylV2-r2-(/V-methYl-/y- 

15 isoproPvlamino>-3.4-dioxocvclobuM-envlaminolpropanoic acid 

Methylisopropylamine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.1min MH + 459 

EXAMPLE 223 

20 {S)-H4-(1Hs°qumglYlaminp^ 

3.4-dlPXPc YrtpbuH -enylaminp}propanoic acid 

1-Methylbutylamine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 2.2min MH + 473 

25 EXAMPLE 224 

(S)"H4'(1-lsoquinQlYlaminp)phgnyl]-2'(2-igpt?vitylaminp-3.4- 

dioxocvclobut-l-envlaminolpropanoic acid 

Isobutylamine gave the title compound (4mg) 

HPLC-MS (Conditions B) Retention time 2.1 min MH* 459 

30 

EXAMPLE 22$ 

(S^3-r4-M-lsoauinolvlamino)phenvn-2^2-dipropvlamino-3.4- 

dioxpcyclpfruH -envlaminplprppanpic acid 

Dipropylamine gave the title compound (4mq) 
35 HPLC-MS (Conditions B) Retention time 2.2min MH + 487 
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PXAMPLE 226 

(j?V3-f4-M-ISQauinolvlaminQ)Dhenvn-242^RSV2-methvlDroDvlamino1- 
3.4-dioxocvclobut-1 -enylamino)propanoic acid 
1-Methylpropylamine gave the title compound (4mg) 
5 HPLC-MS (Conditions B) Retention time 2.1min MH + 459 

EXAMPLE 227 

(Sl-H4-(1-lsoq»inpMaminp)pte^ 

3.4-dioxocvclobuM -envlaminolpropanoic acid 

1 0 N-Ethylmethyiamine gave the title compound (1mg) 

HPLC-MS (Conditions B) Retention time 2.0min MH + 445 

EXAMPLE 228 

fSU3-r4-r2.3.4-Trimethoxvben70vlamino^phenvt1-2-(2>propvlamino-3.4- 

15 dioxocvclobuM-envlamino)propanoic acid 

To the derivatised resin (5), (120mg) was added DCM (5ml), DIPEA 
(0.1ml, 0.6mmol) and 2,3,4-trimethoxybenzoyl chloride (138mg, 0.6mmol). 
The solution was agitated for 12h at RT then filtered and washed 
thoroughly with DCM. The resin was treated with 60% trifluoroacetic acid 

20 in DCM (1.5ml) for 3h with agitation and then filtered. The filtrate was 
evaporated in vacuo to give the crude product which was purified by 
preparative HPLC to afford the title compound (0.5mQ). 
HPLC-MS (Conditions B) Retention time 2.34min MH+ 512 

25 The following compounds of Examples 229 to 241 were prepared in a 
similar manner to the compound of Example 228, each using the starting 
material shown. 

EXAMPLE 229 

30 /<?U3-r4-f2.4>Dimethox V ben?ovlamino^henvlV2-r2-propvlamino-3.4- 
dioxocvclobut-1-envlamino)propanoic acid 
2,4-Dimethoxybenzoylchloride gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.41 min MH+ 482 



35 



EXAMPLE 230 
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f5?U3>f4-/4-BromQben2QvlaminQ^Dhenvn-2-(2-DroDV»amino-3.4- 
dioxocvclobuM-envlaminolpropanoic acid 

4-Bromobenzoylchloride gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.49min MH + 500 

5 

EXAMPLE 231 

f5?\-3-f4-f2-Thienvlcarbonvlammo^phenvn-2^2-DroDvlamino-3.4> 
dioxocvclobuM-envlaminolpropanoic acid 

Thiophene-2-carbonylchloride gave the title compound (0.5mg) 
10 HPLC-MS (Conditions B) Retention time 2.31 min MH + 428 

EXAMPLE 232 

fSU3-r4-rtrans-Cinnamovlamino^phenvn-2-f2-propvlamino-3.4- 
dioxocvclobut-1-envlamino)propanoic acid 

1 5 trans-Cinnamoylchloride gave the title compound (1 mg) 
HPLC-MS (Conditions B) Retention time 2.44min MH + 448 

EXAMPLE 233 

f5?)-3-r4-fPhenvlacetvlamino1phenvl]-2^2-Dropvlamino>3.4- 

20 di9XQgycl<?but-i^nylaming)propanpjc acid 

Phenacetylchloride gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 2.34min MH + 436 

EXAMPLE 234 

25 fj?U3>f4>f2.6-Dichioroben2Qvlamino)phenvn-2-(2>propvlamino>3.4> 
dioxocvclobut-1-enylamino)propanoic acid 

2.5- Dichlorobenzoylchloride gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.39min MH + 490 

30 EXAMPLE 235 

fSU3-f4>f2.6-Dimethvlbenzovlamino^phenvn-2-(2-propvlamino-3.4- 
dioxocvclobut-1-envlaminolpropanoic acid 

2.6- Dimethylbenzoylchloride gave the title compound Mma) 
HPLC-MS (Conditions B) Retention time 2.38min MH+ 450 

35 

EXAMPLE 23? 
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rS)-3-r4>fBenzvloxvacetvlamino^phenvn-2-/2-Dropvlamino-3.4- 
dioxocvclobuM -envlaminolpropanoic acid 

Benzyioxyacetylchloride gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.41 min MH + 466 

5 

EXAMPLE 237 

(S)>344'(4-CvangbgnzPYlaminp)phgnvn-2-f2-propvlaminQ-3,4- 

dioxocvclobut-1 -envlaminolpropanoic acid 

4-Cyanobenzoylchloride gave the title compound (1mg) 
1 0 HPLC-MS (Conditions B) Retention time 2.33min MH + 447 

EXAMPLE 23? 

(S>-3>r4-(6'Chloro>3-Dvridvlcarboxamido)phenvt>2->f2-propvlamipp- 
3.4-dioxocvc1obut-1 -envl ami no Propanoic acid 
15 6-Chloronicotinylchloride gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.3min MH + 457 

EXAMPLE 239 

rSU344W2-Chioro>3>Pvridvicarboxamido^phenvn-2-f2-propvlamino> 
20 3 4-dioxocvclobuM -envlaminotoropanoic acid 

2-Chloronicotinylchloride gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 2.1Bmin MH + 457 

EXAMPLE 24P 
25 (S)-3-[4-!2-Fluprpbenzpvta 

di9XQCYClQb»H-gnYlamin9)propanpic acid 

2-Fluorobenzoylchloride gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.33min MH + 440 

30 EXAMPLE 241 

(SW3-r4-n.4-Dimethoxvbenzovlamino1phenvn-2-f2>propvlamino^3.4- 

diPXPcyci9^tit-1-gnylaminQ)prQpanpic acid 

3,4-Dimethoxybenzoylchloride gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.28min MH + 482 

35 

EXAMPLE 242 
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r.9U3>r4W4-MethoxvDhenoxvcarbon vlamino^henvn-2-f2-DroPvlaminQ- 
3,4-dioxocvclobuM -envlaminolpropanoic acid 

To the derivatised resin (5), (120mg) was added 1,4-dioxan (4.5ml) t 
DIPEA (0.2ml, 1.2mmol), water (0.5ml) and 4-methoxyphenylchloroformate 

5 (0.2ml, 0.6mmol). The solution was agitated for 12h at RT then filtered 
and washed thoroughly with DCM. The resin was treated with 60% 
trifluoroacetic acid in DCM (1.5ml) for 3h with agitation and then filtered. 
The filtrate was evaporated in vacuo to give the crude product which was 
purified by preparative HPLC to afford the title compound (2mg). 

10 HPLC-MS (Conditions B) Retention time 2.42min MH + 468 

The following compounds of Examples 243 to 246 were prepared in a 
similar manner to the compound of Example 242, each using the starting 
material shown. 

15 

FXAMPLE 243 

(^-3-r4W4-»v1ethvlphe noxvcarbonylamino^henvn-2-f2>propvlamino- 
3 4-riioxocvclobuM -envlaminolpropanoic acid 

p-Tolylchloroformate gave th e title compound (0.5mg) 
20 HPLC-MS (Conditions B) Retention time 2.50min MH + 452 

FXAMPLE 244 

(j?).3-r4W4-Fluorophe n 0 xvcarbonylamin 0 lphenvn-2-(2-propvlamino- 
3.4-dioxocvclobut-1 -envlaminolpropanoic add 

25 4-Fluorophenylchloroformate gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.45m in MH + 456 

FXAMPLE 24$ 

f<?U3-r4-fPhenoxvcarbo nvlaminolphenvn-2-f2-proPVlamino-3.4- 
30 riioxocvclobut-1 -envlaminolpropanoic acid 

Phenylchloroformate gave the title compound (2rng) 
HPLC-MS (Conditions B) Retention time 2.42min MH + 438 

FXAMPLE 246 

35 r^-3-r4-(4-Nitrobenzvloxvc arbonvlaminol D henvn-2-f2-ProPVlamino- 
3.4-dioxocvclobut -1 -enylaminolpropanoic acid 
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4-Nitrobenzylchloroformate gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.47min MH + 497 

EXAMPLE 247 

5 (^-3-f4-Bengovlphenvn-2-f2«DroDV lamino>3.4-dioxocvclobut-1- 
^pylamino^DroDanoic acid 

To the derivatised resin (9), (200mg) was added ethanol (1.6ml), DCM 
(0.4ml) and propylamine (0.08ml, Tmmol). The solution was agitated for 
12h at RT then filtered and washed thoroughly with DCM. The resin was 
10 treated with 95% trifluoroacetic acid in DCM (2.0ml) for 3h with agitation 
and then filtered. The filtrate was evaporated in vacuo to give the crude 
product which was purified by preparative HPLC to afford the ijile 
compound (4mg). 

HPLC-MS (Conditions B) Retention time 2.4min MH+ 407. 

15 

The following compound of Example 248 was prepared in a similar manner 
to the compound of Example 247 using the starting material shown. 

EXAMPLE 248 

20 (5;u3-f4-BenzovlDhenvn-2-f2-morDholino-3.4-dioxocvclobuM> 
enylaminolpropanoic acid 

Morpholine gave the title compound (5mg) 

HPLC-MS (Conditions B) Retention time 2.3min MH + 435 

25 EXAMPLE 249 

(^3-r4-M-lsoauinolv lcarboxam»do)Dhenvn-2-(2-prgpvlarnino-3.4- 
riioxocvclobuM- envlaminolpropanoic acid 

A slurry of derivatised resin (5) (prepared from Wang resin (0.7mmol/g), 
100mg) in DCM (5ml) was treated with 1-isoquinoline carboxylic acid 

30 (56mg, 0.30mmol), DIEA (45ji!, 0.25mmol) and [0-(7-azabenzotriazol-1- 
y|)-1 , 1 ,3,3-Tetramethyluronium-hexafluorophosphate] (HATU) (95mg, 
0.25mmol). The mixture was agitated for 16h at RT then filtered and 
washed thoroughly with DCM, DMF, MeOH, DMF then DCM. The resin 
was treated with 50% trifluoroacetic acid in DCM (5ml) for 3h with agitation 

35 and then filtered. The resin was washed with b further portion of DCM 
(5ml). The combined filtrate was evaporated in vacuo to give the crude 
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product which was purified by preparative HPLC to afford the title 
compound (7.3mg). 

HPLC-MS (Conditions B). Retention time 2.47min, MH+473 

5 The following compounds of Examples 250 to 281 were prepared in a 
similar manner to the compound of Example 249, each using the starting 
material shown. 

EXAMPLE 2SQ 

10 fS)-3^4>r2>Benzofbtfuranylcarboxam ido]phenvll>2-f2-propvlamino- 
3.4.dioxocvclobut-1-envlamino^DroDanoic acid 

2-Benzo(b)furancarboxylic acid gave the title compound (4.0mo) 
HPLC-MS (Conditions B). Retention time 2.45min, MH + 462 

15 EXAMPLE 251 

(^-3-r4-f4-Methoxv-2-Quinolv»carboxarnidolphenvn-2-r2-propvlaminQ- 
3.4-dioxo cvclobuM-envlaminolpropanoic acid 

4-Methoxy-2-quinolinecarboxylic acid gave the title compound (5.3mg) 
HPLC-MS (Conditions B). Retention time 2.59min, MH + 503 

20 

EXAMPLE 252 

fSl.3-M-r4-Oxo-4. 5 6. 7 ^tetrahvdroben2orbtfuran-3-vlcarboxamido1 
phenvll-2-f2-propvlamino>3.4-dioxocvclobut-1-envlamino)propanQic 

acid 

25 4-0x0-4, 5, 6, 7-tetrahydrobenzo(b)furan-3-carboxylic acid gave the iil|e 
compound (8.2mg) 

HPLC-MS (Conditions B). Retention time 2.37min, MH + 480 
EXAMPLE 253 

30 fSW3-r4-r2-f1-Pyrroly»)-5-p yridvlcarboxamido)phenvn-2-(2- 
propvlamino-3.4-dioxocvclo but-1-enviaminotpropanoic acid 

2-(1-Pyrrolyl)-5-pyridinecarboxylic acid gave the title compound (1.7mg) 
HPLC-MS (Conditions B). Retention time 2.45min, MH + 488 



35 



EXAMPLE 254 
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f^-fd^^lndazolvlcarboxamidolDhenvn^-fZ-PrQPVlaminP-?.^ 
dioxocvclobut-1-enyl amino)propanoic acid 

3- lndazolecarboxylic acid gave the title compound (5.0mg) 
HPLC-MS (Conditions B). Retention time 2.34min, MH+ 462 

5 

FXAMPLE 255 

(■9\.3-r4-r4.Fluoroben7QvlaminQ^phfinvn-2-f2-proPvlaminQ-3.4- 
dioxocvclobuM-envl aminolpropanoic acid 

4- Fluorobenzoic acid gave the title compound (3.7mg) 

10 HPLC-MS (Conditions B). Retention time 2.37min, MH + 440 

EXAMPLE 253 

L<?^-3-r4-r4>Methoxvbengovlamino^phenvl}-2^2>propvlamino-3.4- 
dioxocvdobuM-envlaminolpropanoic acid 
1 5 4-Methoxybenzoic acid gave the title compound (0.3mg) 

HPLC-MS (Conditions B). Retention time 2.34min, MH+ 452 

FXAMPLE 257 

f5^3-r4-(4-Acetamido benzQvlamipn)ph e nx/n-2-r2-Dropvtamino-3.4- 
20 dioxocvclobut-1-envlamino)propanoic acid 

4-Acetamidobenzoic acid gave the title compound (3.7mg) 
HPLC-MS (Conditions B). Retention time 2.16min, MH + 479 

EXAMPLE 259 

25 r<?U3-r4-f4>Aceh/lbenzovlamino^henvll-2-f2-ProPVlaminP-3.4- 
dioxocvclobut-1-envl aminolpropanoic acid 

4-Acetylbenzoic acid gave the title compound (2.0mg) 
HPLC-MS (Conditions B). Retention time 2.28min, MH* 461 

30 EXAMPLE 259 

f^-3-r4-f4-Nitrobenzovlaminolph envn-2W2^proPvlaminQ>3.4- 

dioxocvclobut-1-envl aminolpropanoic acid 

4-Nitrobenzoic acid gave the title compound (4.3mg) 
HPLC-MS (Conditions B). Retention time 2.39min, MH + 467 

35 

EXAMPLE 2t?P 
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fgU3-/4-r4W4-HvdroxvDhenvnbenzovlaminolphenvl>-2-(2> 
prnpvlamino-3.4-dioxocvclo buM-envlaminolpropanoic acid 

4-Hydroxybiphenyl carboxylic acid gave the title compound (0.8mg) 
HPLC-MS (Conditions B). Retention time 2.36min, MH + 514 

5 

FXAMPLE 261 

f5?U3-r4-f4-Cvanoben7ovlamino)phenvll-2-(2>propvlamino-3.4- 
riioxocvclobut-1-envl aminolpropanoic acid 

4-Cyanobenzoic acid gave the title compound (6.5mg) 
10 HPLC-MS (Conditions B). Retention time 2.32min, MH + 447 

FXAMPLE 292 

f5?U3-r4-r4-Trifluoromethvlbenzo vlammolphenvn-2-f2-propvlaminQ- 
3.4-dioxocvclobut-1 -envlaminotpropanoic acid 

1 5 4-Trifluoromethylbenzoic acid gave the title compound (5.4mg) 
HPLC-MS (Conditions B). Retention time 2.55min, MH + 560 

EXAMPLE 263 

rj?W3-r4-fAy-Oxo-4-pvridvlcarboxamido>phenvn-2^2-prQPVlamino-3.4- 
20 dioxocvclobuM-envl aminolpropanoic acid 

4-Pyridyl-A/-oxide carboxylic acid gave the title compound (47mg) 
HPLC-MS (Conditions B). Retention time 1.97min, MH + 439 

EXAMPLE 264 

25 (Sl-3-r4-(2. 6>Dichloro-3-p vr»dvlcarboxamido)phenvn-2-<2- 
propvlamtno-3.4-dioxocvclobuM -envlaminolpropanoic acid 

2, 6, Dichloronicotinic acid gave the title compound (4.7ma) 
HPLC-MS (Conditions B). Retention time 2.31 min, MH + 493 

30 EXAMPLE 265 

f^3-[4-f2-fMethoxvcarb 0 nvl\benzovlamino^phenvn-2H(2- 
propviamino-3.4»dioxocvclobuM-envl aminolpropanpic acid 

2-Methoxycarbonylbenzoic acid gave the title compound (3.4mg) 
HPLC-MS (Conditions B). Retention time 2.28min, MH + 480 



EXAMPLE 266 
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fS^3^4>r5-IV!ethvl-2-ftrifluorQmethv1)-3-furanvlcarboxamidolDhenvl\-2> 

(2-prQPYlaming-3,4'diPXPgyclob»t-1 -enylaminplprppancic acid 

5-Methyl-2-(trifluoromethyl)-3-furancarboxylic acid gave the title compound 
(5.6mg) 

5 HPLC-MS (Conditions B). Retention time 2.48min, MH + 494 

EXAMPLE 267 

(S)-3-r4-f2-AceWl-?-thien^ 
dioxggyplPbMM-gnvlamino)prppanplc acid 

1 0 2-Acetyl-3-thiophenecarboxylic acid gave the title compound (5.2mg) 
HPLC-MS (Conditions B). Retention time 2.28min, MH+ 470 

EXAMPLE 268 

fS)^H > 4-ffff)-2-OxQthiazolidin-4-YlcarbPxamidPlPhgnYl>-2-(2- 
15 prppylaminp-3,4-diPXp cvctpbut-1-gnylaminp)prppanpic acid 

(f?)-2-Oxothiazo!idine^-carboxylic acid gave the title compound (5.4mg) 
HPLC-MS (Conditions B). Retention time 2.07min, MH + 447 

EXAMPLE 269 

20 rS1-3-r4-f4-Nitro-3-Dvra?olvlcarboxamido^phenvn-242-proDvlaminQ- 
3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

4- Nitro-3-pyrazolecarboxylic acid gave the title compound (3.0mg) 
HPLC-MS (Conditions B). Retention time 2.14min, MH + 457 

25 EXAMPLE 270 

rS^r4-f5-Chloro-2-thienvlca»i>oxamido^Dhenvn-2-f2>propvlamino- 
3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

5- Chloro-2-thiophenecarboxylic acid gave the title compound (5.3mg) 
HPLC-MS (Conditions B). Retention time 2.48min, MH + 462 

30 

EXAMPLE 271 

(S)-?44-(1-Mgthyl-$-nitrp^»pyrazQlylcarbPxarTiidP)phgnYl1-2-(2' 

propvlamino-3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

1-Methyl-5-nitro-4-pyrazolecarboxylic acid gave the title compound 
35 (6.1mg) 

HPLC-MS (Conditions B). Retention time 2.23min, MH + 471 
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FXAMPLE 272 

(.9^3-f4-r2-FurQvlaminolDhenvl%2-r2>propvlamino-3.4-diQXOCVClQbut- 

1- envlaminol propanoic acid 

5 2-Furoic acid gave the title compound (3.7mg) 

HPLC-MS (Conditions B). Retention time 2.23min, MH + 412 

FXAMPLE 273 

tSkH4iZ 4-Dimethv l-5-thiazoMcarboxamido)phenvl1-2-f2- 
10 propv1amino >3.4-dioxo cvclobuM-envlaminotoropanoiC acid 

2, 4-Dimethyl-5-thiazolecarboxylic acid gave the title compound (4.2mg) 
HPLC-MS (Conditions B). Retention time 2.18min, MH + 457 

FXAMPLE 274 

15 r<?)-3-r4-H. 2. 3-thi a diazoM-vlcarboxamido^phenvn-2-<2-ProPVlaminO' 
3 4-dioxo cvclobu t-1-envlamino)propanoic acid 

1, 2, 3, Thiadiazole-5-carboxyiic acid gave the title compound (4.9ma) 
HPLC-MS (Conditions B). Retention time 2.20min, MH + 430 

20 EXAMPLE 27$ 

/.<;u3J4-f2>Thienv>carPoxamido^ph envn-2.(2-propvlamino-3.4- 

riimtocvclobut-1 -e nvlamino^propanoic acid 

2- Thiophenecarboxylic acid gave the title compound (5.0mg) 
HPLC-MS (Conditions B). Retention time 2.31 min, MH + 428 

25 

FXAMPLE 276 

L^-3-f4-(2-Pvra2invlc arboxamido^henvn-2-f2-proDvlamino-3.4' 
dioxocvclobut-1-envl aminolpropanoic acid 

2-Pyrazinecarboxylic acid gave the title compound (4.2mg) 
30 HPLC-MS (Conditions B). Retention time 2.16min, MH + 424 

EXAMPLE 277 

/.9V3-r4-rf2-Furvnoxa lvlamino1phenvlV2-f2-proPVlaminQ-3.4- 
dioxocvclob ut-1-envlaminolpropanoic acid 

35 a-Oxo-2-furanacetic acid gave the title compound (4.8mg) 
HPLC-MS (Conditions B). Retention time 2.3min, MH + 440. 
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EXAMPLE 278 

(.9U3>^W3>MethvU2-thienvlcarboxamido^DhenvlV2-(2-propvlaminQ- 
3 4.riioxocvclo but-1-en vlaminolpropanoic acid 

5 3-Methyl-2-thiophenecarboxylic acid gave the tjtle compound (2.0mg) 
HPLC-MS (Conditions B). Retention time 2.37min, MH* 442 

FXAMPLE 279 

rfSl.3-r4-f4-Methvl-1.2. 3-thiadiazol-5-vlcarboxamido)phenvn-2-f2- 
10 proDvlamino-3.4-dioxocvclobuM>envlaminolpropanQic acid 

4- MethyM, 2, 3-thiazole-5-carboxylic acid gave the title compound (A.Omq) 
HPLC-MS (Conditions B). Retention time 2.24min, MhT 444 

EXAMPLE 280 

15 f5?V3-r4>r5.Phenvl-4-oxazo ivlcarboxamido^phenvn-2W2-propvlamino- 
3 4-riioxocvclo buM-envlaminolpropanoic acid 

5- Phenyl-4-oxazolecarboxylic acid gave the title compound (5.9mg) 
HPLC-MS (Conditions B). Retention time 2.51 min, MH + 489 

20 EXAMPLE 281 

r9V3-r4W3-MethvU5.trifluoromethvU4Hsoxa7olvicarboxamidc>)phgnvn- 

2- f2-propvl amino -3.4-dioxocvclobut-1>envlaminQ)propanoic acid 

3- Methyl-5-trifluoromethyl-4-isoxazolecarboxylic acid gave the iit[e 
compound (5.8mg) 

25 HPLC-MS (Conditions B). Retention time 2.43min, MH+ 495. 

The following compounds of Examples 282 to 323 were prepared in a 
similar manner to the compound of Example 105, using derivatised resin 
£4} and the starting material shown. For examples where the amine was 
30 added as a salt 1 mol equivalent of DIPEA was also added. 

FXAMPLE 282 

/P5?U3>r4-r3.S>Dichlor o-4.pvridvlcarhoxamido)phenvn-3-r2-r2- 
morpholinoethvlamino)-3.4-dioxocvclobut-1-envlaminolpropanoic 



35 



acid 

A/-(2-Aminoethyl)morpholine gave the title compound (2mg) 
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HPLC-MS (Conditions B) Retention time 1.98min MH + 562 
EXAMPLE 283 

rP^)-3>r4-/3.5-Dichloro^-pvridvlcarhnyamidQ^Dhenvn-3-r2-f2- 
5 pip e ridinoethv>aminoV3.4-dioxocvclobuM-envlaminolDroDanoic acid 
1-(2-Aminoethyl)piperidine gave the title compound (2mo) 
HPLC-MS (Conditions B) Retention time 2.02min MH + 560 

EXAMPLE 284 

10 f/?SU3>r4-r3.5-Dichioro>4-Dvrfdvlcarboxamido)phenvlV3-r2-f3-f2- 
Q xQPvrrolidin>1>vnpropvlaminoU3.4-dioxocvclobuM-env1amino1 

pjapanoifi acid 

1- (3-Aminopropyl)-2-pyrrolidinone gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.14min MH + 574 

15 

EXAMPLE 285 

fff5U3>r4-f3.5-Dichloro-4-Dvridvlcarboxamido^PhenvlV3-r2-f3-(1- 

imidazolvnproDvlamino)-3.4-dio xocvclobut-1-envlaminolpropanoic 

acid 

20 N-(3-Aminopropy I imidazole gave the titl e compound (3mg) 
HPLC-MS (Conditions B) Retention time 1.98min MH + 557 

EXAMPLE 286 

f/?^3-r4-f3.5-DichlQro-4-Dvridvlcarboxamido^henvn-3-f2^Vbenzvl- 
25 4-pi P eridinvlamino)-3.4-dioxocvclobu t-1-envlamino1propanoicacid 

4-Amino-1-benzylpiperidine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 2.13min MH + 622 

EXAMPLE 287 

30 fPS>-3-f4^3.5-Dichioro-4-pv ndvlcarboxamido)phenvn-3-r2-(2- 

pvridvlmethvlamino)-3.4-dioxocvclobuM-envlaminolPropanoic acid 

2- (Aminomethyl)pyridine gave the title compound (6mg) 
HPLC-MS (Conditions B) Retention time 2.17min MH+ 540 



35 



EXAMPLE 29? 
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fP5?U3-r443.5-Dichloro>4-Dvridvlcarboxamido^henvl1'3-r2-(3- 
pvridvlmethvlammoW3.4-dioxocyclobuM »envlaminolDroDano'ic acid 

3-(Aminomethyl)pyridine gave the title compound (3mg) 
HPLC-MS (Conditions B) Retention time 2.07min MH + 540 

5 

EXAMPLE 289 

/P^U3-r4-/3.5-Dichloro-4-DvridvlcarhnyamidQ\Dhenv1U3»r2-f3.3- 
dimethvlbutvlaminoU3.4-diox ocvclobut-1-envlaminolDroDanoic acid 

3,3-Dimethylbutylamine gave the title compound (3mg) 
10 HPLC-MS (Conditions B) Retention time 2.45min MH + 533 

FXAMPLE 290 

fff5>)-3-r4-r3.5>Dichloro-4-pvridvlcarboxamido^DhenviV3>f2>(3.4- 
riinhiorobenzviamino\-3.4-dioxocvclobut-1-envlaminQlpropgnQic acid 

1 5 3,4-Dichlorobenzylamine gave the title compound (4mg) 
HPLC-MS (Conditions B) Retention time 2.51 min MH + 607 

EXAMPLE 291 

f^-3-r4-f3.5-Dich»Qro-4-Dvridvlcarboxamido^nhenvlV3-r2-f2-(1- 
20 piperazinvnethvlaminQ>-3.4-dioxocvclobut-1>envlamino1propanoic 
acid 

N-(2-Aminoethyl)piperazine gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 1.97min MH + 561 

25 FXAMPLE 292 

(P5?U3-f4-f3.5-Dtch»oro^pvridvlcarboxamido)phenvn-3-(2- 
isopropvlamino>3.4-dioxocvclobuM-envlaminQ)proPanoic acid 

Isopropylamine gave the title compound (1mg) 
HPLC-MS (Conditions B) Retention time 2.25min MH + 491 

30 

EXAMPLE 293 

fffgU3>r4-f3.5-Dichtoro^pvridvlcarboxamido)phenvn-3'f2> 
propvlamino-3.4-dioxocvclobut-1-envlaminp)prQPanPiC acid 

Propylamine gave the tills compound (2mg) 
35 HPLC-MS (Conditions B) Retention time 2.25min MH + 491 
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EXAMPLE 294 

fP^^3-r4-f3.5-Dichloro>4.pvndvlcarboxamido)Dhenvn-3^2-ferf- 
htitvlamino-3.4-dioxocvclobut-1 -enviaminolpropanoic acid 
Tert-Butylamine gave the title compound (0.5mg) 
5 HPLC-MS (Conditions B) Retention time 2.33min MH + 505 

EXAMPLE 295 

fffj?\-3-r4-/3.5-Dichloro-4-Dvridvlcarboxamldo)phenvlV3-(2- 
benzvlamino>3.4-dioxocvclobuM-envlamino)propano}c acid 

1 0 Benzylamine gave the title compound ( 1 mg) 

HPLC-MS (Conditions B) Retention time 2.37min MH* 539 

EXAMPLE 22fi 

(ffSU3-f4-f3.5-Dichloro-4-pvridvlcarboxamidolphenvn-3-r2>(3- 
15 (dimethvlamino)propvlamino)-3.4-dioxocvdobut-1-envlaminQl 

propanoic acid 

3-(Dimethylamino)propylamine gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 1.89min MH+ 534 

20 EXAMPLE 297 

fg5\.3-r443.5-Dichloro-4-pvridvlc arboxamido)phenvn-3-r2-f3- 

isQpropoxvpropvlarnino^3.4-dioxocvciQbut-1-enviaminQlpropanQic 
acid 

3-lsopropoxypropylamine gave the title compound (1mg) 
25 HPLC-MS (Conditions B) Retention time 2.3min MH + 549 

EXAMPLE 298 

rg5?W3-r4-f3.S-Dichloro-4-pvridvlcarboxamido)Phenvi1-3-r2-(3- 
ethoxvpropvlamino)-3.4>dioxocvclobuM-envlamino1propanoic acid 

30 3-Ethoxypropylamine gave the title compound (2mg) 

HPLC-MS (Conditions B) Retention time 2.23min MH+ 535 

EXAMPLE 299 

(/?S)>3-f443.5-Dichloro-4-pvridvlcarboxamido^phenvn-3-r2-f2- 
35 methoxvethviaminoU3.4-dioxocvc1obuM>enviaminolpropanoic acid 

2-Methoxyethylamine gave the title compound (0.5mg) 
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HPLC-MS (Conditions B) Retention time 2.16min MH + 507 
EXAMPLE 300 

fP5;U3-r443.5-Dichloro^.Dvridvlcarboxamido>Dhenvn-3-r2>(3> 
5 m e thQxvDroDvlamino>-3.4-dioxocvclobuM-envlaminQlprQPanoic acid 
3-Methoxypropylamine gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 2.18min MH + 521 

EXAMPLE 301 

10 /^^3>r4W3.5>D»chloro-4-pvridvlcarboxamido1phenvn-3-(2- 

CV clobutvlamino-3.4-dioxpcvclobut-1 -envlaminolpropanoic acid 

Cyclobutylamine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.28min MH + 503 

15 EXAMPLE 302 

r/?S^3-r4-f3.5-Dichloro-4-p vridvlcarboxamidQ^phenvn-3^2> 
c^clopropviamino-3.4-dioxocvclpbiit-1 -envlaminolpropanoic acid 

Cyclopropylamine gave the title compound (2mg) 
HPLC-MS (Conditions B) Retention time 2.19min MH+ 489 

20 

EXAMPLE 3P3 

/PS^3-r4-f3.5-Dichtoro-4.pvridvlcarboxamido)phenvn-3-r2>f2- 
men7vlthio^thvlaminoU3.4-dioxocvclobuM-envlaminolpropanoic 
35 acid 

25 2-(Benzylthio)ethylamine hydrochloride gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 2.46min MH + 599 

40 EXAMPLE 3P4 

f/?SU3-r4-f3.5-Dichloro-4-p V ridvlcarboxamido)phenvl1-3-r2-f4-(1.2.3- 
30 thiadiazol^-vl)benzvlamin o^3.4>dioxocvclobut-1-envlaminPl 
propanoic acid 

45 4-(1 ^.S-ThiadiazoM-ylJbenzylamine gave the title compound (2mg) 

HPLC-MS (Conditions B) Retention time 2.38min MH* 623 
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fP<?U3>r4^3.5-Dichloro-4-Dvridvlcarboxamido^Dhenvn-3^2- 
rvnlohexvlamino>3.4-dfoxocyclobuM -envlaminolpropanoic acid 

Cyclohexylamine gave the title compound (0.5mg) 
HPLC-MS (Conditions B) Retention time 2.39min MH+ 531 

5 

EXAMPLE 306 

(PSU3-r4-r3.5-Dichloro-4>pyridvtcarboxam!do^Dhenvn-3-r2-DiDeridinvl- 
3 4-dioxocvclobut-1-envlamino1propanoic acid 

Piperidine gave the title compound (2mg) 
10 HPLC-MS (Conditions A) Retention time 2.32min MH + 517 

EXAMPLE 3P7 

fA?SU3-r443.5>Dichloro-4-pvridvlcarboxamido1phenvl1-3-f2- 
thiomorpholino-3.4-dioxocvclobut-1 -envlaminolpropanoic acid 

15 Thiomorpholine gave the title compound (1mg) 

HPLC-MS (Conditions A) Retention time 2.32min MH + 535 

EXAMPLE 308 

fP5?U3-r4-f3.5-Dichioro-4-Dvridvlcarboxamido^phenvn-342^4-methvl- 
20 1-piperazinv»>-3.4-dioxocvclobuM-envlamino1propanoic acid 

1 -Methylpiperazine gave the title compound (3mg) 
HPLC-MS (Conditions A) Retention time 1.93min MH + 532 

EXAMPLE 309 

25 (/?S)-3-r4^3,^DichlQrp^-PYridvlcart?Qxamido)ph9nYlV?-f2- 

diethvlamino-3.4-dioxocvclobut-1-envlamino)propanoic acid 

Diethylamine gave th e title compound (2mg) 

HPLC-MS (Conditions A) Retention time 2.29min MH + 505 

30 EXAMPLE 310 

(ftS)-3-f4-(3.g-PichlPro^^ 

pvrrolidinvn-3.4-dioxocvclobut-1-enviaminolpropanoic acid 

Pyrrolidine gave the ti tle , compound (1mg) 

HPLC-MS (Conditions A) Retention time 2.24min MH + 503 
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/PSU3-r443.5-Dichloro^-D^ 

pj pgra7invh>3.4-dioxocvclobut-1 -en ylaminojpropanoic acid 
1-Ethylpiperazine gave the title compound (1mg) 
HPLC-MS (Conditions A) Retention time 1.94min MH + 546 

5 

EXAMPLE 312 

fffj?\-3-f4-(3.5>Dichloro-4-pvridv lcarboxam}do)phenvn-3-r2>f4- 
rhvdrQxvpropvn>1-pipera2invn^4-riio yQ cvclobuM- 
envlaminolpropanoic acid 

10 1-Piperazinepropanol gave the title compound (3mg) 

HPLC-MS (Conditions A) Retention time 1 .93min MH + 576 



EXAMPLE 313 

(ffj;^-3.r4-(3.5-D»chloro>4-pvridvlcarboxamido)phenvlV3-r2-fV 
15 piperazinvlV3.4-dioxocv clobut-1 -envlaminolpropanoic acjd 
25 Piperazine gave the title CPmPQMnd (4mg) 

HPLC-MS (Conditions A) Retention time 1.92min MH + 518 

EXAMPLE 314 

30 20 /g<?U3-r4-f3.5-D»chloro-4-pvridvlcarboxamido)phenvn-3-f2-frS)-3- 

riimRthvlamino-1-pvrrolidinvn-3 4-dioxocvclobuH- 
envlaminolpropanoic acid 

(S)-3-(Dimethylamino)pyrrolidine gave the title compound (3mg) 
35 HPLC-MS (Conditions A) Retention time 1 .92min MH + 546 

25 

EXAMPLE 315 

fP5?U3-r4-/3.5-Dichioro-4.pvridv lc a rbQxamidolphenvn-3-r2-((/?S^3- 
40 diethvlamino-1 -pviTolidinvn-3.4-dioxocvclobut-1 - 

envlaminolpropanoic acid 

30 3-(Diethylamino)pyrrolidine gave the title compound (3mg) 
HPLC-MS (Conditions A) Retention time 1.95min MH+ 574 

45 

EXAMPLE 316 

(P5?\.3-r4-f3.5-Dichloro-4-pvrldvlcarhoxamido)PhenvlV3^2' 
35 hMtvlamino-3.4-dioxocvclobuM .envlaminolpropanoic acid 

50 Butylamine gave the title compound (0. 1 mg) 
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HPLC-MS (Conditions A) Retention time 2.33min MH + 505 
EXAMPLE 317 

rff5U344-f3.S-Dichloro-4>pvridvlcarboxamido)Dhenvn-3>(2> 
5 npntvlaminQ-3.4-dioyQcvclobut-1-envlamino^mpanoic acid 
Pentylamine gave the titte compound dmal 
HPLC-MS (Conditions A) Retention time 2.40min MH + 519 

EXAMPLE 3198l*S).3-r4-(3.5-Dichloro-4- 
10 pyridvlcarboxamidolDhenvn>3-r2-ff/?SU2-butvlamino)-3.4- 
dioxocvclobut-1>envlaminolpropanoic acid 

1-Methylpropylamine gave the title compound (2mo) 
HPLC-MS (Conditions A) Retention time 2.31min MH+ 505 

15 EXAMPLE 319 

(/?S)-3-r4-f3,5-Dichloro-4-pvridvlcarboxamido^phenvn-3-f2- 
isobutvlamino>3.4-dioxocvc)obut-1-envlamino>propanoic acid 
Isobutylamine gave the title compound (2mg) 
HPLC-MS (Conditions A) Retention time 2.31min MH + 505 

20 

EXAMPLE 320 

ff?SW3-r4^3.5-Dichloro-4-pvridvlcarboxamido)phenvn-3-r2-(N-methv>- 
N>isopropvlamino )-3.4-dioxocvclobuM>envtamino1propanoic acid 

Methyiisopropylamine gave the title compound (2mg) 
25 . HPLC-MS (Conditions A) Retention time 2.3min MH+ 505 

EXAMPLE 321 

ff?SW3-r4-f3.S-Dichloro-4-pvr»dvlcarboxamido^phenvl1-3-r2-rN-ethvl-N- 
mftthvlamino\-3.4-dioxocvclobuM-envlaminolprppanoicacid 

30 N-Ethylmethylamine gave the title compound (0.2mg) 

HPLC-MS (Conditions A) Retention time 2.24min MH + 491 

EXAMPLE 322 

rPgU3-r4^3.S^D»chloro^-pvridvlcart)oxamido)phenvn-342WN-methvl- 
35 N>butvlamino)>3.4-dioxo cvclobuM-enviaminolPrppanoic acid 

N-Methylbutylamine gave the title compound (0.3mg) 
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HPLC-MS (Conditions A) Retention time 2.38min MH+ 519 
EXAMPLE 323 

f*SV3-r4-f3.5-Dichloro^-o^^ 

fpyricWImethyhaminpl^^^ 

4-(Ethylaminomethyl)pyridine gave the title compound (1mo) 
HPLC-MS (Conditions A) Retention time 2.01 min MH + 568 



EXftMPlE 324 

10 3-r4-f3.5-Dichloro-4-Dvri dvlcarboxami do^phenvn-2-<2-isoproDvlamino- 
3. 4-dioxocvclobuM-envlamino)prop»2>enoic acid 

20 Derivatised resin 6 (1.0g) was treated with the Intermediate 44 (0.4g, 

3.0mmol) and a catalytic amount of dirhodiumtetraacetate in toluene 
(10ml) at 120° for 2.5h. The resin was then filtered and washed with DMF 
15 and DCM to give resin bound a-(2-methoxy-3,4-dioxocyclo-but-1- 
25 enylamino)diethylphosphonoacetate. This resin was then treated with 4- 

(3,5-dichloro-4-pyridylcarboxamido)benzaldehyde (0.53g, 1.8mmol) and 
diazabicycloundec-7-ene (DBU) (0.1g, 1.2mmo!) in DCM (5.0ml). The 
mixture was agitated at ambient temperature for 72h then filtered and the 
30 20 resin washed thoroughly with DCM. A 90mg portion of this resin was 

treated with 2-propylamine (0.045mL, 0.6mmol), in DCM (0.2mL) and 
MeOH (0.8mL). The mixture was agitated at ambient temperature for 16h 
then filtered and washed thoroughly with DCM, MeOH, DMF, MeOH and 
35 DCM. The resin was treated with 50% trifluoroacetic acid in DCM (2ml) for 

25 3h with agitation and then filtered. The resin was washed with a further 
portion of DCM (2ml) and the combined filtrate was evaporated in vacuo to 
give the crude product which was purified by preparative HPLC to afford 
the title compound (0.9mg). 



30 HPLC-MS (Conditions B). Retention time 2.29min, MH + 489 

The following compound of Example 325 was prepared in an identical 
manner to the compound of Example 324, using the starting material 
shown. 



35 
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3-f4>f3.5-Dichloro-4-Dvridvlcarboxamido^phenvn>2-(2- 

cyclPbutvlaminp-3. 4-diPxocyclQbut-1-€nylamino)prop-2-gngic acid 

Cyclobutylarnine gave the title compound (0.4mg) 
10 HPLC-MS (Conditions B). Retention time 2.33min, MH + 501. 

5 

The following assays can be used to demonstrate the potency and 

selectivity of the compounds according to the invention. In each of these 
15 assays an IC50 value was determined for each test compound and 

represents the concentration of compound necessary to achieve 50% 
10 inhibition of cell adhesion where 100% = adhesion assessed in the 

absence of the test compound and 0% = absorbance in wells that did not 
20 receive cells. 



ct^flj jntearin-dependent Jurkat cell adhesion to VCAM-la 
15 96 well NUNC plates were coated with F(ab)2 fragment goat anti-human 

25 IgG Fcy-specific antibody [Jackson Immuno Research 109-006-098: 100 jil 

at 2 ug/ml in 0.1 M NaHCC>3, pH 8.4], overnight at 4°. The plates were 
washed (3x) in phosphate-buffered saline (PBS) and then blocked for 1h in 
PBS/1% BSA at RT on a rocking platform. After washing (3x in PBS) 9 

30 20 ng/ml of purified 2d VCAM-lg diluted in PBS/1% BSA was added and the 

plates left for 60 minutes at RT on a rocking platform. The plates were 
washed (3x in PBS) and the assay then performed at 37° for 30 min in a 
total volume of 200 \i\ containing 2.5 x 10 5 Jurkat cells in the presence or 

35 absence of titrated test compounds. 

25 

Each plate was washed (2x) with medium and the adherent cells were 
fixed with 100|il MeOH for 10 minutes followed by another wash. 100u.l 
40 0.25% Rose Bengal (Sigma R4507) in PBS was added for 5 minutes at RT 

and the plates washed (3x) in PBS. 100^1 50% (v/v) ethanol in PBS was 
30 added and the plates left for 60min after which the absorbance (570nm) 
was measured. 



45 



50 



gjfiZ Inteqrip-depentient JY cell adhesion to MAdCAM-lq 

This assay was performed in the same manner as the (X4P1 assay except 
35 that MAdCAM-lg (150ng/ml) was used in place of "2d VCAM-lg and a sub- 
line of the (3-lympho blastoid cell-line JY was used in place of Jurkat cells. 
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The IC50 value for each test compound was determined as described in 
thect4pi integrin assay. 

agi Inteorin-dependent KS62 cell adhesion to fibronectin 
5 96 well tissue culture plates were coated with human plasma fibronectin 
(Sigma F0895) at 5jig/ml in phosphate-buffered saline (PBS) for 2 hr at 
37°C. The plates were washed (3x in PBS) and then blocked for 1h in 
100>l PBS/1% BSA at RT on a rocking platform. The blocked plates were 
washed (3x in PBS) and the assay then performed at 37°C in a total 
10 volume of 200jil containing 2.5x 10 5 K562 cells, phorboM2-myristate-13- 
acetate at 10ng/ml, and in the presence or absence of titrated test 
compounds. Incubation time was 30 minutes. Each plate was fixed and 
stained as described in the CX4P1 assay above. 

15 amfirflepentent hMman pplymPrphopuclear neutrophils adhesjpn to 
plastic 

96 well tissue culture plates were coated with RPMI 1640/10% FCS for 2h 
at 37°C. 2 x 10 5 freshly isolated human venous polymorphonuclear 
neutrophils (PMN) were added to the wells in a total volume of 200ul in the 

20 presence of 10ng/ml phorbol-12-myristate-13-acetate, and in the presence 
or absence of test compounds, and incubated for 20min at 37°C followed 
by 30min at RT. The plates were washed in medium and 100^1 0.1% (w/v) 
HMB (hexadecyl trimethyl ammonium bromide, Sigma H5882) in 0.05M 
potassium phosphate buffer, pH 6.0 added to each well. The plates were 

25 then left on a rocker at RT for 60 min. Endogenous peroxidase activity 
was then assessed using tetramethyl benzidine (TMB) as follows: PMN 
lysate samples mixed with 0.22% H2O2 (Sigma) and 50jig/ml TMB 
(Boehringer Mannheim) in 0.1 M sodium acetate/citrate buffer, pH 6.0 and 
absorbance measured at 630nm. 

30 

n ||b/ft2 -dependent human platelet aggregation 

Human platelet aggregation was assessed using impedance aggregation 
on the Chronolog Whole Blood Lumiaggregometer. Human platelet-rich 
plasma (PRP) was obtained by spinning fresh human venous blood 
35 anticoagulated with 0.38% (v/v) tri-sodium citrate at 220xg for 10 min and 
diluted to a cell density of 6 x 10 8 /ml in autologous plasma. Cuvettes 
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contained equal volumes of PRP and filtered Tyrode's buffer (g/liter: NaCI 
8.0; MgCl 2 .H 2 0 0.427; CaCI 2 0.2; KCI 0.2; D-glucose 1.0; NaHC0 3 1.0; 
NaHPO4.2H20 0.065). Aggregation was monitored following addition of 
2.5nM ADP (Sigma) in the presence or absence of inhibitors. 

5 

In the above assays the preferred compounds of the invention in which R 1 
is an ou integrin binding group, such as the compounds of the Examples 
generally have IC50 values in the cuPi and 0L4P7 assays of 1 nM and 
below. In the other assays featuring a integrins of other subgroups the 
10 same compounds had IC50 values of 50jiM and above thus demonstrating 
the potency and selectivity of their action against 04 integrins. 

The following assays may be used to determine the ability of compounds 
according to the invention to inhibit a v P3 and a v p5 function. 

15 

a v P3 -Dependent Direct Binding Assay 

96 Well NUNC immunoplates were coated overnight with a non-blocking 
anti-p3 monoclonal antibody at 2 [ig/ml in Dulbecco's phosphate buffered 
saline (PBS) and subsequently blocked with 5% 9 W / V )BSA in PBS (Sigma, 

20 fraction V) for 60 min. at RT. After washing in Tris-buffered saline (TBS: 
20mM Tris/150 mM NaCI, pH 7.5), plates then received 100^1 of a lysate 
prepared fromn JY cells and were incubated for 3h at RT. The lysate was 
made by lysing JY B-lymphoblastoid cells at 5 x 10 7 cells were ml in TBS 
containing 1 mM MnCfe.1% ( V M BSA/0.1% ( vb / v ) Tween 20 and were 

25 incubated for a further 2 hours at RT. Inhibitors were titrated into the 
fibronectin prior to addition to plates. After washing, streptavidin- 
peroxidase (Amersham) at 1:500 in TBS/1% ( w / v ) BSA/0.1% ( v / v )Tween 20 
was added and plates incubated for 1h at RT. Finally 100^1 TMB 
substrate was added and Absorbance (630nm) measured after 10-15 

30 miunbutes. IC50 values for inhibition of adhesion were calculated on the 
Activity Base curve fitting programme. 

a v P3 -Dependent Cell Adhesion Assay 

This was a modification of a published method [Stupack et a/., Exp,. Cell. 
35 Tes. 203, 443-448 (1992)] and employed the JY cell line. These cells are 
maintained in RPMI 1640 + 10% FCS + 2mM L-glutamine and, when used 
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for assay, were washed in assat medium (RPMI 1640 + 10% FCS), 
suspended at 4 x 10 6 /ml in the same medium and pretreated with a 
blocking monoclonal antibody to CD18 (6.5E, F(ab')2 fragment) for 10 min 
at RT. 96 Well NUNC immunoplates were coated with 100^1 2.5uk/uJ 
5 human vitronectin in PBS per well for 2h at 37°C; they were then washed 
2x in PBS and blocked with 1% (w/ v ) BSA in PBS for 60min at RT and 
washed 2x more in PBS. 2 x 1- 5 JY per well were added to wells 
containing compounds serially titrated across the plate and, finally, 
phorbol-12-myristate-13-acetate at 10ng/ml was added in a final volume of 

10 200fil. After incubation at 37°C for 30min, non-adherent cells were 
removed by washing 3 x in assay medium, adherent cells were fixed in 
MeOH and stained with 0.25% ( w / v ) Rose Bengal in PBS for 5 min, 
unbound dye was removed by 3 further washes in PBS and cell-bound dye 
was released with 1:1 PBS:ethanol. Absorbance at 570nm was then 

15 measured. IC50 values for inhibition of adhesion were calculated as 
described above for the direct binding assay. 



a v p5-Dependent Cell Adhesion Assay 

This assay was based on a published method [Koivunen et a/, J. Bio. 

30 20 Chem, 268 . 20205-20210 (1993)] and employed the human colon 

adenocarcinoma cell line HT-29. HT-29 Cells were routinely maintained in 
DMEM + 10% FCS + 2mM L-glutamine and were removed from flasks 
using trypsin/EDTA, washed 2x in assay medium and suspended at 4 x 

35 10 6 /ml in the same medium. The cells were allowed to 'rest' for 15 min. at 

25 RT before being added (2 x 10 5 /well) to wells containing compounds 
serially titrated across the plate in a final volume of 200ul. The 96 well 
NUNC immunoplates had been coated with human vit ronectin as 

40 described above for the a v p3 assay. After incubation at 37°C for 60min, 

adhesion was assessed as described above for the a v P3 assay. 

30 

In the above assays the preferred compounds of the invention generally 
45 have IC50 values of 1uM and below. 



The advantageous clearance properties of compounds according to the 
35 invention may be demonstrated as follows: 
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Hepatic clearance, whether metabolic or biliary, can make a substantial 
contribution to the total plasma clearance of a drug. The total plasma 
clearance is a principal parameter of the pharmacokinetic properties of a 
medicine. It has a direct impact on the dose required to achieve effective 
5 plama concentrations and has a major impact on the elimination half-life 
and therefore the dose-interval. Furthermore, high hepatic clearance is an 
indicator of high first-pass hepatic clearance after oral administration and 
therefore low oral bioavailability. 

10 Many peptidic and non-peptidic carboxylic acids of therapeutic interest are 
subject to high hepatic clearance from plasma. Except for drugs which 
function in the liver, hepatic uptake from blood or plasma is undesirable 
because it leads to high hepatic clearance if the compound is excreted in 
bile or metabolised, or if the substance is not cleared from the liver, it may 

1 5 accumulate in the liver and interfere with the normal function of the liver. 

The total plasma clearance of a compound according to the invention can 
be determined as follows: 

a small dose of the compound in solution is injected into a vein of a test 
20 animal. Blood samples are withdrawn from a blood vessel of the animal at 
several times after the injection, and the concentration of compound in the 
bleed or plasma is measured using a suitable assay. The area under the 
curve (AUCiv) is calculated by non-com partmental methods (for example, 
the trapezium method) or by pharmacokinetic modelling. The total plasma 
25 clearance (CL P ) is calculated by dividing the intravenous dose(Dj V ) by the 
AUCiv for the blood plasma concentration - time course of a drug 
administered by the intravenous route: CL P = Dj v + AUCj V 

When tested in this manner, compounds according to the invention are not 
30 rapidly or extensively extracted by the liver and have low total plasma 
clearance where low is defined as less than 10 ml/m in/kg in the laboratory 
rat (Sprague Dawley CD). This compares favourably with functionally 
equivalent integrin binding compounds in which the squaric acid 
framework of compounds of formla (1) is not present. 
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CLAIMS 

1 . A compound of formula (1 ): 




wherein 

R 1 is an integrin binding group; 

R 2 is a hydrogen atom or a Ci.6alkyl group; 
10 L 1 is a covalent bond or a linker atom or group; 

n is zero or the integer 1 ; 

Alk 1 is an optionally substituted aliphatic chain; 

R 3 is a hydrogen atom or an optionally substituted heteroaliphatic, 

cycloaliphatic, heterocycloaliphatic, polycycloaliphatic, polyhetero- 
1 5 cycloaliphatic, aromatic or heteroaromatic group; 

and the salts, solvates, hydrates and A/-oxides thereof. 

2. A compound according to Claim 1 in which R 1 is an a4-integrin 
binding group. 

20 

3. A compound according to Claim 1 or Claim 2 in which R 1 is a group 
of formula Ar 1 L 2 Ar 2 A!k-, where Ar 1 is an optionally substituted 
aromatic or heteroaromatic group, L 2 is a linker atom or group, Ar 2 is 
an optionally substituted phenylene or nitrogen-containing six- 

25 membered heteroarylene group and Alk is a chain from: 

-CH 2 -CH(R)-, -CH=C(R)- f -CH- or -C- 

I II 
CH 2 R CHR 

30 where R is a carboxylic acid (-CO2H) or a derivative or biostere 

thereof. 
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4. A compound according to Claim 3 in which Alk is a chain selected 

from 

-CH 2 -CH(R)-, or -CH- 

I 

5 CH 2 R 

5. A compound according to Claim 4 in which R is a carboxylic acid 
(-CO2H) group. 

10 6. A compound according to any one of Claims 3 to 5 in which Ar 2 is an 
optionally substituted 1 ,4-phenylene group. 

7. A compound according to any one of Claims 3 to 6 in which Ar 1 is an 
optionally substituted phenyl, monocyclic heteroaromatic or bicyclic 

1 5 heteroaromatic group. 

8. A compound according to Claim 7 in which Ar 1 is an optionally 
substituted pyridyl and pyrimidinyl group. 

20 9 A compound according to Claim 8 in which L 2 is a -CON(R 8 )- group 
where R 8 is a hydrogen atom or an optionally substituted d.6alkyl 
group. 

1 0. A compound according to Claim 9 in which R 8 is a hydrogen atom. 

25 

11. A compound according to Claim 7 in which Ar 1 is an optionally 
substituted 2,6-naphthyridinyl and 4-quinazolinyl groups. 

12. A compound according to Claim 1 1 in which L 2 is an -O- or -N(R 8 )- 
30 group where R 8 is a hydrogen atom or an optionally substituted Ci_ 

6 alkyl group. 

1 3. A compound according to Claim 1 2 in which R 8 is a hydrogen atom. 
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14. A compound according to any one of Claims 1 to 13 in which L 1 is a 
-N(R 8 )- group where R B is a hydrogen atom or an optionally 
substituted Ci-6alkyl group. 

5 15. A compound according to Claim 14 in which R 8 is a hydrogen atom or 
methyl, ethyl or n-propyl group. 

16. A compound according to any one of Claims 1 to 13 in which L 1 is a 
covalent bond. 

10 

17. A compound according to any one of Claims 1 to 16 in which n is the 
integer 1 and Alk 1 is an optionally substituted straight or branched 
Ci-6alkylene chain. 

15 18. A compound according to Claim 17 in which Alk 1 is a -CH2-, 
-CH 2 CH 2 - -CH 2 CH 2 CH 2 -, -CH(CH 3 )CH 2 - or -C(CH 3 ) 2 CH 2 - chain. 

19. A compound according to Claim 18 in which R 3 is a hydrogen atom. 

20 20. A compound according to Claim 3 of formula (2a): 




wherein -W= is -CH= or -N=; 
25 R 16 and R 17 , which may be the same or different is each a hydrogen 

atom or group -L 3 (Alk 2 )tL 4 (R 4 ) u in which: 

L 3 is a covalent bond or a linker atom or group; 

Alk 2 is an aliphatic or heteroaliphatic chain; 

t is zero or the integer 1 ; 
30 L 4 is a covalent bond or a linker atom or group; 

R 4 is a hydrogen or halogen atom or a group selected from optionally 

substituted Chalky! or C3-8 cycloalkyl, -OR 5 [where R 5 is a hydrogen 
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atom, an optionally substitued Ci-6alkyl or C3-8 cycloalkyl group], 
-SR 5 , -NR 5 R 6 [where R 6 is as just defined for R 5 and may be the 
same or different], -N0 2 , -CN, -C0 2 R 5 . -S0 3 H, -SOR 5 , -S0 2 R 5 . 
-SO3R 5 , -OCO2R 5 , -CONR5R6, -OCONR*R 6 , -CSNR 5 R 6 , -COR 5 , 

5 -OCOR5, -N(R5)COR6 -N(R*)CSR6, -S0 2 N(R5)(R6), -N(R5)S0 2 R 8 , 

N(R 5 )CON(R 6 )(R 7 ) [where R 7 is a hydrogen atom, an optionally 
substituted Ci- 6 alkyl or C3- 8 cycloalkyl group], -N(R5)CSN(R 6 )(R 7 ) or 
-N(R 5 )S0 2 N(R 6 )(R 7 ), provided that when t is zero and each of L 3 
and L 4 is a covalent bond then u is the integer 1 and R 4 is other than 

10 a hydrogen atom; 

and the salts, solvates, hydrates and N-oxides thereof. 

21 . A compound according to Claim 3 of formula (2b) 

R 2 

, l^A^Alk — N L 1 (Alk') n R 3 




15 ' ' 9 (2b) 



wherein R 16 is a hydrogen atom or a group -L 3 (Alk 2 )tL 4 (R 4 ) u in which 
L 3 is a covalent bond or a linker atom or group; 
Alk 2 is an aliphatic or heteroaliphatic chain; 

20 t is zero or the integer 1 ; 

L 4 is a covalent bond or a linker atom or group; 
R 4 is a hydrogen or halogen atom or a group selected from optionally 
substituted Ci- 6 alkyl or C3-8 cycloalkyl, -OR 5 [where R 5 is a hydrogen 
atom, an optionally substitued Ci-6alkyl or C3-8 cycloalkyl group], 

25 -SR 5 , -NR 5 R 6 [where R 6 is as just defined for R 5 and may be the 

same or different], -N0 2 , -CN, -C0 2 R 5 , -SO3H, -SOR 5 , -S0 2 R 5 , 
-SO3R 5 , -OC0 2 R 5 , -CONR&R* -OCONR5R6, -CSNRW, -COR*, 
-OCOR 5 , -N(R5)COR6, -N(R 5 )CSR 6 , -S0 2 N(R5)(R6), .N(R5)S0 2 R6, 
N(R 5 )C0N(R 6 )(R 7 ) [where R 7 is a hydrogen atom, an optionally 

30 substituted Ci- 6 alkyl or C 3 -8cycloalkyl group], -N(R 5 )CSN(R 6 )(R 7 ) or 
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-N(R 5 )S02N(R 6 )(R 7 ), provided that when t is zero and each of L 3 

and L 4 is a covalent bond then u is the integer 1 and R 4 is other than 

a hydrogen atom; 

g is zero or the integer 1 , 2, 3 or 4; 

and the salts, solvates, hydrates and N-oxides thereof. 

22. A compound according to Claim 3 of formula (2c) 

R 2 




wherein R 16 is a hydrogen atom or a group in which L 3 is a covalent 

bond or a linker atom or group; 

Alk 2 is an aliphatic or heteroaliphatic chain; 

t is zero or the integer 1 ; 

L 4 is a covalent bond or a linker atom or group; 

R 4 is a hydrogen or halogen atom or a group selected from optionally 

substituted Ci_ 6 alkyl or C 3 -8 cycloalkyl, -OR 5 (where R 5 is a hydrogen 

atom, an optionally substitued Ci-ealkyI or C3-8 cycloalkyl group], 

-SR 5 . -NR 5 R 6 [where R 6 is as just defined for R 5 and may be the 

same or different], -N0 2 . -CN, -C0 2 R 5 t -SO3H, -SOR 5 , -S0 2 R 5 , 

-SO3R 5 , -OC0 2 R 5 , -CONR 5 R 6 , -OCONR 5 R 6 , -CSNR 5 R 6 , -COR 5 , 

-OCOR 5 , -N(R 5 )COR6, -N(R 5 )CSR6, -S0 2 N(R 5 )(R 6 ), -N(R 5 )S0 2 R6 

N(R 5 )CON(R 6 )(R 7 ) [where R 7 is a hydrogen atom, an optionally 

substituted Ci_ 6 alkyl or C3-8cycloalkyl group], -N(F^)CSN(R 6 )(R 7 ) or 

-N(R 5 )S0 2 N(R 6 )(R 7 ), provided that when t is zero and each of L 3 

and L 4 is a covalent bond then u is the integer 1 and R 4 is other than 

a hydrogen atom; 

g is zero or the integer 1 , 2, 3 or 4; 

and the salts, solvates, hydrates and N-oxides thereof. 
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23. A compound which is: 
(S)-3-[4-(3,5-Dichloro-4-pyridylcarboxamido)phenyl]-2-(2- 
propylamino-S^-dioxocyclobut-l-enyOaminolpropanoicacid; 
(S)-3-[4-(3,5-Oichloro-4-pyridylcarboxamido)phenyl]-2-<2-t-butyl-3,4- 

5 dioxocyclobut-1 -enyl)amino]propanoic acid; 

(S)-3^4-[(67-Dimethoxy-4-qunazolinyl)amino)phenyl}-2-[(2-/\/ / A/- 

diethylamino-3 ( 4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3-[4-([2,6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-/V ( W- 

diethylamino-3,4-dioxocyclobuM-enyl)amino]propanoic acid; 
10 (S)-3-[4-([6,7-Dimethoxy-4-qunazolinyl)oxy]phenyl]-2-[(2-/\/,/\/- 

diethyiamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3-[4-([6 ( 7-Methoxy-4-qunazolinyl]amino)phenyl]-2-[(2-A/ / A/- 

diethylamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3-[4-([2 ( 6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-A/,W- 
15 dipropylamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3-[4-([2,6-Naphthyridin-1-yl]oxy)phenyl]-2-[(2-/V t A/-diethylaminc^ 

3,4-dioxocyclobuM -enyl)amino]propanoic acid; 

(S)-3-[4-([2 l 6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-piperidin-1-yl-3 > 4- 

dioxocyclobut-1 -enyl)amino]propanoic acid; 
20 (R)-3-(4-(3,5-Dichloro-4-pyridylcarboxamido)phenyl}-3-[(2-A/,A/- 

diethylamino-3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3-[4-([2,6-Naphthyridin-1-yl]oxy)phenyl]-24(2-^/V-dipropylaminch 

3,4-dioxocyclobut-1-enyl)amino]propanoic acid; 

(S)-3^4-([2,6-Naphthyridin-1-yl]amino)phenyl]-2-[(2-A/ f 'ethyl-A/- 
25 isopropylamino-3,4-dioxocyclobut-1 -enyl)amino]propanoic acid; 

and the salts, solvates, hydrates and N-oxides thereof. 

24. A pharmaceutical composition comprising a compound according to 
Claim 1 together with one or more pharmaceutical^ acceptable 

30 carriers, excipients or diluents. 
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